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PEEFAOE. 



This work is designed as a text-book for commercial colleges, 
normal and high schools, priyate schools, and academies, and as 
a practical manual for the counting-house. 

With these objects in view in its preparation, the author has 
endeayored to present the science of arithmetic and its applica- 
tions in a clear and philosophical manner, and to make the 
derelopment of the shortest and best practical methods of 
computation, as employed by experts in various branches of 
business, a prominent feature. 

Special attention has been devoted to subjects relating par- 
ticularly to commercial and financial transactions, such as Per- 
centage, Interest and Discount, Exchange, Partnership Average, 
Equation of Payments, Stocks and Bonds, Operations in the 
Stock Exchange, Custom-House Business, Measurement of 
Lumber, etc., all of which, in their treatment, will be found 
unusually extensive and complete. The article on the Stock 
Exchange is illustrated by practical examples obtained from 
Wall-Street Brokers, and that on Custom-House Business, by 
examples of real transactions at the New York Custom-House, 
showing the exact method of making the calculations. 

Besides these, all the other topics usually presented in common 
arithmetics are fully treated, with the exception of Numeration 
and Notation of simple numbers, and the four fundamental 
rules, which it is presumed will have been 'already mastered by 
those who use this book. nr^r^n]^ 
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IV PRBFAOB. 

An effort has been made to arrange the whole upon a system- 
atic plan, and a progressive order of development, to meet the 
requirements of teachers, learners, and business men. A clear 
elucidation of principles has been attempted in the explanation 
of every subject, upon the analytic system ; special care has been 
taken to give concise and accurate definitions ; to use simple, 
yet scientific and comprehensive language; and, incidentally, 
throughout the work, to give a very considerable amount of 
useful information on business affairs. 

It is hoped that the work will be found well adapted for the 
purposes for which it is intended. Whatever may be its imper- 
fections, it is the result of patient labor and investigation. 
Every sentence has been carefully weighed, with an earnest 
wish to avoid errors, either in statements of facts or principles, 
to the end that the book may be accepted as a reliable authority 
on all the subjects discussed. 

Thb Authob. 
New Yobk, August 14, 1871. 



NOTE TO THE REVISED EDITION. 

The passage of an Act of Congress of March 3, 1873 (see page 329), 
relative to foreign currencies, and its practical application in business 
during the past year, have rendered obsolete the methods formerly used 
in computations of Foreign Exchange, and in some departments of Custom 
House business. The changes thus effected have greatly simplified the 
whole subject. The calculation of German Exchange is also modified by 
the issue of a new German coinage. 

All the portions of this work affected by these changes have been 
thoroughly revised, and now present and explain current usage. 

L.F 

New Yobk, Jan. 1, 1875. 
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PRACTICAL 

Business ARXTHMErro. 



ADDITION. 

• 1. Skill in ADDinoJsr is the foundation of readiness and 
accuracy in all arithmetical computations ; and this skill is to 
be acquired only by practice, and careful attention to the prin- 
ciples and combinations of numbers. A clear head, quick per- 
ception, and proper cultivation, are the essential qualifications 
to insure success. With these any one may place himself in the 
rank of experts. 

Those who have already learned the rudiments of arithmetic 
will need, under this head, nothing more than a few practical 
hints. First, it is important to observe that every operation 
should be simplified as much as possible. The mind should be 
disencumbered of the clogs imposed by school-boy rules, and 
trained to arrive at results in the most direct and rapid manner. 
Even the thought of words ought to be banished. Thus, instead 
of carrying on a mental operation as follows, — 8 and 6 are 14, 
and 14 and 9 are 23, and 23 and 7 are 30, — glance over the fig- 
ures, and read, or thinky 8, 14, 23, 30. Besides this, the follow- 
ing directions may be of service: 

1. Observe combinations, and make use of them: thus, m 
adding a column consisting of the figures 8, 9, 7, 6, 5, 5, 6, 4, 3, 
2, 9, 3, connect 8 and 9, 7 and 6, 5 and 5, 6 and 4, etc., and you 
will have 17, 13, 10, 10, etc., and the column can be footed very 
rapidly, the different combinations accumulating in this man- 
ner, — 17, 30, 50, 55, 67. When the same figure occurs several 
times, multiply it, instead of adding. ^ t 
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10 ADDITIOir. 

2. In adding long columns of figures, commence at the bot- 
tom and add upward, or vice versa, retain the number to be car- 
ried, if desired, as hereafter directM, and add it on commencing 
to add the next column. To insure correctness, add the columns 
both upward and downward. To avoid the necessity of making 
erasures or alterations, when the footings are to be written, as in 
a ledger, place a slip of paper under the column, add, and then 
transfer the amounts. 

Examples fob Peacticb. 

Add the following colunms upward and downward as rapidly 
as possible : — 



(1.) 


(2.) 


(3.) 


(*•) 


(5.) 


18 


219 


9876 


356.01 


92564 


23 


314 


6789 


375.18 


36 


84 


428 


5405 


420.25 


23508 


46 


537 


3000 


381.98 


20001 


58 


675 


3450 


723.64 


19000 


67 


895 


1628 


111.00 


88 


78 


923 


4721 


100.97 


91111 


8& 


989 


9999 


400.00 


99 


98 


375 


2006 


233.37 


77777 



2. The adding of numbers from right to left will often save 
labor. In this manner perform the following 

Examples. 

(1.) Add, as they stand, 

15, 20, 33, 42, 58, 65, 73, 84, 97, 24. 

(2.) Add 

136, 242, 356, 983, 617, 538, 671, 708, 121. . 

(3.) Add 

4256, 75, 365, 891, 46, 623, 50, 413. 

3. To save the trouble of going over the whole work, in case 
of mistakes or interruption while footing long columns of figures, 
the number to be carried from each column may be retained by 
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ADDITION. 11 

writing it in pencil underneath, or by writing the snms of the 
several columns in the same order as they are added, as shown 
below. By the second method, the whole sum consists of the 
figures below the horizontal line and those aboye on the right of 
the perpendicular line. Those on the left of the perpendicular 
line are the numbers carried. 

Example. 
I. Jb'ind the sum of 

8163 Sums of the columns. 



2581 1 

5437 2 

9863 2 



26044 2 6 

SSI 

Accountants frequently divide long columns into sections by 
horizontal pencil lines, and add the several sections separately, 
and then their sums. 

Example. 

1. Add the following numbers : — 
1257.85 
2318.19 
657.17 4233.21 



4102.50 
6309.42 
32673.89 43085.81 



902.25 
182.30 
1428.60 2513.15 



49832.17, Total amount. 

This practice is not recommended, as it is better to acquire 
expertness in " running up" columns of any ordinary length 
without this extra labor. 
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12 ADDITIOJS. 

METHODS OF PROOF. 

4. Of all the methods of proving addition, none is better or 
more satisfactory than the common practice of adding both up- 
ward and downward. By producing different combinations, this 
affords an accurate test. If the results agree, the work may be 
considered correct almost to an absolute certainty, and the agree- 
ment may be accepted as ample proof of the fact. 

Another method is to compare the excesses of nines. This is 
done by adding all the digits of the several amounts, and " cast- 
ing out," or dropping the nines. If the excess of the several 
numbers added equals the excess of their sum, the work is sup- 
posed to be right. 

Example. 
1. What is the sum of 
98654 
' 37868 
9046 
3457 
89642 ... 5, excess of 9's in all the numbers, 



238667 ... 5, « « in their sum. 

£!xplanatt(m,'—Commencmg with the first number, at the left hand, drop 
9. Then from the sum of 8 and 6 cast out 9, add the excess, 5, to the 
next digit, and so on ; or any number of figures may be added, and the 9's 
cast out at once. 

The practice of casting the 9's out of each separate number, 
and then out of the sum of the excesses, is convenient. 

Example. 
1. Add the following numbers : — 
36425 . . 2 excess, 
18629 . . 8 " 
7321 , . 4 « 
8910 , . " 5, excess in the sum of the excpsses. 



71285 . . 5, excess in the total amount. Digitized by Google 



ADDITION. 13 

S' To add several colmnns at one operation. 

There are two methods : one is to commence with the lower 
number, and add the units to the units of the number above, 
then tens to tens, hundreds to hundreds, and so on. The other 
is, to begin with the highest order of figures in the lower num- 
ber, and add each to the number above in the reverse order. 
The latter is regarded as the better method. The following ex- 
amples will illustrate both : 

Examples. 

±. Add the following at one operation, commencing with the 
units of the lower number : — 

243 

362 OPERATION. 

521 • 057 + 1=658 + 20 = 678 + 600 = 1178 + 

667 2 = 1180 + 60 = 1240 + 800 = 1540 + 8 

= 1543 + 40 = 1583 + 200 = 1783. 

1783 

2. Commencing with the hundreds of the lower number, find 
the sum of 
624 

g36 OPERATION. 

347 423 + 300 = 723 + 40 = 763 + 7 = 770 + 

423 800= 1570 + 80= 1600 + 6 = 1606 + 600 

1 + 20 = 2226 + 4=2230. 



2230 



These operations may seem tedious, but in practice they are 
greatly abridged by combining and adding whole amounts at 
once. Thus, glancing at the two lower numbers, we see that 
their sum is 770; then, noticing that 7 tens plus 3 tens will re- 
quire one to be carried, we perceive at once that the next num- 
ber added will give 1606, and that the next will make the 
required sum, 2230. SuflBcient practice of this kind will insure 
great facility and accuracy in the operation. • 

Add, 2875 695 3472 762 

321 321 6810 918 

487 482 327 329 
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SUBTRAOTIOR 

6. Beyond the elementary prineiplee of SuBTEAcnoisr, there 
is little- to be taught. A few practical suggestions may, how- 
ever, be useful. 

In one sense, subtraction is the reverse of addition ; in another, 
it is the same thing. To increase a number by adding to it, is 
the reverse of diminishing it by subtracting from it ; but the 
process of finding the difference between two numbers may be 
regarded either as addition or subtraction. Thus, to find the 
difference between eight and twelve separate things, we may take 
eight, and add enough to make twelve, or from twelve we may 
take eight, and count the number left Hence, by adding to the 
subtrahend we may find the remainder. This principle may 
often be applied to advantage, especially when it is required to 
take the sum of two or more numbers, or their product, from 
another. See Art. 38, page 38. 

7. To subtract two or more ntunbers from another at h 
single operation. 

EuLE. — Add the given numbers in the usual manner, and for 
the remainder write the figures required to be added to form the 
units of each order of the minuend. 

Example. 

(1.) A merchant had 1550 barrels of flour, and sold 425 barrels 
to A, 225 barrels to B, and 314 barrels to C. How many had he 
left? 

OFEIIATION. 

1550 Adding the first column of the numbers to be sub- 

tracted, we find that 6 must be added to produce a 

425 cipher in the units' place in the minuend, and that the 

225 sum with 6 added is 20 ; hence 2 must be carried. Car- 

314 rying 2, and adding the next column, 8 is required to 

form the tens of the minuend, and 1 is to be carried. 

586, Ans. Carrying 1, and adding, we obtain, in the same way, 6, 

the last figure of the remainder. r" ^^^T^ 
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15 



l^OTB. — The same may, of course, be perfonned bj the usual process of 
subtraction. But it must be borne in mind, that the number of the next 
higher order above the sum of each column, must be borrowed and car- 
ried. As this must constantly vary, the form, of addition is deemed less 
liable to cause confusion, 

8. This method is especially convenient in balancing accounts. 
The balance may be found and inserted at the same time, with- 
out the trouble of writing the separate amounts and sub- 
tracting. 



Example. 



Db. 



Cash. 



Cr. 



1868. 
Met 1 


To Stock 


2000 00 
2000 00 
800 00 

199 50 
150 00 
165 00 

75 00 

200 00 


1868. 

May 2 
* 8 
" 8 
*' 9 
" 10 
" 18 
»' 15 

. " SO 
"21 


B7 ExDense 


85 00 


"■^4 


" U. S. Bonds 


** Sundries . . ... 


900 00 


" 5 


" Mdee 


40i 00 


" 7 


" M. Mathews 


" N. Bk. Commerce.. 
" Mdse 


1500 00 


" 10 


" Sundries 


216 00 


♦*ia 

♦* 16 


" Mdse 


" Sundries 

" Bills Payable 

** P*roflt and Loss 

" Balance 


2008 67 
247 68 


"M 


'' SmithAKirkham.... 


22 60 
<9// 76 










6589 50 


6589 60 



First, rule for the footings in the proper manner ; then add 
the larger side, and complete the work, by adding the smaller 
side, inserting the balance, and footing the column. 

In the same manner balance the following columns of 
figures : — 



(2.) 



(3.) 



(4-) 



8763.10 


1247.00 


197.62 


2472.09 


467.10 


342.20 


1451.85 


865.25 


384.79 


250.50 


735.05 


168.18 


1376.08 


2478.35 


805.60 


376.91 


812.78 


45488 


1921.17 






2500.00 


911.26 





When the smaller number stands over the larger, the subtrac- 
tion should be perfonned without re-writing to change the 
order. 
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16 MULTIPLICATION. 

Examples. 

Subtract, as they stand, the upper from the lower numbers, m 
the following cases : — 

(1.) (2.) (3.) (4.) (5.) (6.) 

1937 423 1634 3001 275.16 2841.15 

2346 1874 2648 4002 856.27 4268.91 



PROOF. 

9. The following are the principal methods of proving sub- 
traction:— 

1. Add the remainder to the subtrahend ; and if the sum is 
equal to the minuend, the work may be accounted correct. 

2. Subtract the remainder from the minuend ; if the work is 
right, the difference will be equal to the subtrahend. 

3. Find the excess of 9^s in the remainder and subtrahend 
together, and it will be equal to the excess of 9's in the minu- 
end, if the work is correct. 



SHORT PRACTICAL METHODS OF 

MULTIPLIOATIOK 

10. The operations of Multiplication admit of the employ- 
ment of numerous methods of contraction, of which the follow- 
ing will be found the most useful in practice. 

Case I. 

11. To multiply together any two numbers between 
which there is a mean number of tens. 

Rule. — Square the tens of the larger number, and subtract 
the square of the unit-figure of the same numhe^^ QjOOqX^ 



KT-LXIPLICATIOSr. 



1? 



KoTE. — Tliis rale is based upon the principle that the product of any 
two numbers is equal to the square of the mean mmus the square of half 
the difference. 



1. Multiply 76 by 84. 

76 
84 



Examples. 



80x 80 = 6400 
4x4= 16 



6384 



0884, Ans. 

Practically, square 8, subtract 1, and annex 100 — 4* = 84. 

2. Multiply 98 by 82. 

98 
82 
9x9 — 1, with 100 — 8" annexed, = 8036, Aru, 

8036 

Note. — It will be observed that in these numbers the difference of the 
tens is 1, and the sum of the units is ten. Their sum is equal to twice the 
number of tens of the larger number, which is, consequently, an arith- 
metical mean between them. 



3. Multiply 
103 
97 

9991 


103 by 97. 

lO* - 1, with 100 - 8* annexed, = 9991, Ant. 


4. Muli 

6. 

6. 

7. 

8. 

9. 


biply 69 by 71 
68 « 72 
67 « 73 
« 66 « 74 
« 65 « 75 
« 69 " 41 


10. Multiply 58 by 43 

11. " 57 « 43 

12. « 56 « 44 

13. " 55 " 46 

14. « 111 "109 

15. « 118 "102 



Case II. 

it. To multiply together any two numbers of two 
figures each, when the tens are alike, and the sum of 
the units is ten. 

T3ixnjiL—-MuUiply one of the tens by the other plus 1, atid annex 
the product of the units. 
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18 liULTIPLICATIOK. 

Examples. 

1. Multiply 66 by 64 
66 
64 • 



6 X 6 + 1 = 42, and annexing 6 x 4, we have 



4224 4224, Ana. 

2. Multiply 77 by 73. 

7 X 8 = 56, and 7 X 3 = 21. Ana. 6621. 



3. Multiply 81 by 89 

4. « 82 " 88 
6. « 83 " 87 

6. « 59 « 51 

7. " 198 « 192 

8. " 1207 "1203 



9. Multiply 72 by 78 

10. " 47 " 43 

11. " 22 '' 28 

12. « 98 " 92 

13. « 36 « 34 
14 '' 16 " 18 



15. What will 38 yards of print cost at 32 cents per yard ? 
Hence, — 

13. To squaxe any number of two places whose unit- 
figure is 5. 

Rule. — Multiply the number expressing the tens by itself 
plus 1, and annex 25. 

1. Find the square of 35. 

3 + 1 X 8 = 12, and annexing 25 we have 1225, Ans. 

2. What is the square of 65 ? 

7x6 = 42, and 42 with 25 annexed = 4225, Am. 

3. Find the square of 95. 4. Of 85. 5. Of 75. 6. Of 46. 
7. Of 55. 8. Of 15. 9. Of 25. 

This rnle, as well as the last, may be extended to uTimbers of 
more than two places. 

Examples. 

' 1. What is the square of 125 ? 

13 X 12 = 156, and annexing 25 we haye 15625, Am, 

2. What is the square of 1 16 P Digitized by Google 
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Case IIL 

14. To mnltiply any ntunber of two flgaies whose sum 
is less than ten, by 11. 

Rule. — Place the sum of the digits between them, and the 
result will he the product. 

Examples. 

1. Multiply 27 by 11. 

2 + 7 = 9, which, placed between 2 and 7, giyes 297 for the pro- 
dnct 





Am. 7m. 


2. Multiply 44 by 11 


6. Multiply 63 by 11 


3. « 43 « 11 


6. « 54 « 11 


4. « 36 « 11 


7. " n « 11 



15. To multiply any nximber by 11. 

EuLB. — Write as the first figure of the product the unit figure 
of the multiplicand ; then add successively, from right to left, 
units to tens, tens to hundreds, and so on, carrying, and writing 
the results in the product / or, 

Write the multiplicand under itself one place to the right, and 
add. 

Examples. 

FIBBT METHOD. 

1. Multiply 6971 by 11. 76681, Ans. 

ExpUmaiion. — Write 1, and, for the remaining figures of the product, 

ddl to 7, 7 to 9, 9 to 6, can ' - ... 

is the last figure plus 1 carrie 

SECOND METHOD. 

)t. Multiply 2785 by 11. 

2785 
2785 



add 1 to 7, 7 to 9, 9 to 6, cariying as required, and, finally, write 7, which 
arried. 



30635, Ans. 

3. Multiply 4645 by 11 

4. « 125 " 11 
6. « 1008 « 11 



6. Multiply 3162 by 11 

7. " 162 « 11 

a '* Dig9fi^byCa)DgIe 
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Case IV. 

16. To multiply by any mirnber between 1 1 and 20. 

EuLE. — Multiply hy the units of the multiplier, write the 
product under the multiplicand, one place to the right, and 
add. 

Examples. * 

1. Multiply 36857 by 16. 

36857 
221142 



689712, A71S. 

2. Multiply 1864 by 14 

3. " 2784 " 13 

4. " 1975 " 12 



5. Multiply 2918 by 19 

6. " 361 " 17 

7. " 13675 '' 15 



This rule is easily adapted to cases where the multiplier is a 
little over 100 1000 etc. 

EXAMPLB. 

1. Multiply 723 by 105. 

723 

3615 



75915, Ans. 
17. The operation may be condensed. 

Eule. — Multiply hy the units of the multiplier, carry, and 
add continually the figure to the right of the one multiplied; 
finally, to the left-hand figure of the multiplicand add the num- 
ber to be carried, if any, and write the result. 

Example. 

1. Multiply 23768 by 18. 

23758 E xplana tum.-^ x 8 = 64 "Write 4, and carry 

18 6. 8 X 5 + 6 + 8 = 54. Write 4, and proceed as 

before. Finally, 2 + 2 carried completes the pro- 



J97fiilA A^B <3uct. Great facility can be acquired by this 
« AP ^04*, jins. nietjjo^^ ^it^ a little practice^^ ^y Qooolc 



MULTIPLICATIOir. 21 

Case V. 

18. To nmltiply by any number of two figures ending 
with 1. 

EuLE. — Multiply by the tens of the multiplier ^ write the pro- 
duct under the muHfplicand, one place to the left, and add. 

Example. 
L Multiply 4751 by 21. 

4761 
9502 



99771, Ans. 

19. Or, condensing the operation, 

BuLE. — Write as the first figure of the product the unit-figure 
of the multiplicand ; then multiply the whole multiplicand by 
the tens of the multiplier , and to the product of the figures suc- 
cessively add the number to be carried and the figure to the left 
of the one multipliedy writing the results in order in the pro- 
dud. 

Example. 

1. Multiply 7162 by 41. 

7162 Explamcaion.^Wiite 2 in the produc t. 4x2 + 6 

41 = 14 Write 4, and carry 1. 4 x 6 + 1 + 1 = 26. 

Write 6, and carry 2. 4 x 1 + 2 + 7 = 13. Write 3, 

293642 and carry 1. 4 x 7 + 1 = 29, which, written to the left, 
finishes the work. 

20. When the multiplier is any digit, any number of ciphers, 
and 1, the principle of the former rule is easily applied. 

Example. 
1. Multiply 3682 by 501. 



18410 



1844682, Ans. Digi i^^^ by Googk 
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Case VL 

21. To multiply by any nmnber which is a little more 
or less than any number of tens. 

EuLE. — Multiply hy the nearest number of tens, and then add, 
or subtract, as many times the multiplicand as the number is 
units over, or under, the tens. 



Examples. 



1. Multiply 326 by lOL 
3^600 
326 



32926, Ans. 

8. Multiply 251 by 102. 
25100 + 602 = 25602, Am, 

5. Multiply 837 by 101 

6. " 279 « 99 

7. " 347 " 102 



2. Multiply 575 by 99. 
67500 
575 



56925, Ans. 

4. Multiply 26 by 98. 
2600 - 52 = 2548, Am. 

8. Multiply 751 by 81 

9. " 622 " 79 
10. " 35 " 42 



11. What is the value of 12 shares of railroad stock, of $100 
each, at 97^^ ? 

1200 - 30 (Zi% of 1300) = 1170. Aru. $1170. 

12. What is the value of $2400 U. S. Bonds at 105|? 



2400 

130 

18 


5% Of 2400. 




2538 




Ans. 


$3688. 


Case VU. 







22. To multiply by any number one part of which is a 
&ctor of another part. 

EuLE. — Multiply by the factor ; then multiply the product so 
obtained by the component factor or factors of the other part or 
parts of the multiplier, writing the first figure of each product 



MULTIPLICATION. 



under the first figure of the multiplier used. The sum of the 
partial prodt^s wiU he the required product. 



Examples. 



1. Multiply 3276 by 124. 

12 = 3 X 4 3276 

124 



13104 
39312 

406224, 
». Multiply 47852 by 24318. 



Product by 4 

8 times the product by 4 

Prodoct by 124, Ms. 



In this CAse, 3 is a factor of two parts of the multiplier. 8 x 8 = 24 
and 3 X 6 = 18. 



47852 
24318 

143556 
861336 
1148448 



Product by 3 hundred. 

6 times the product by 3 = the product by 18. 

8 times the product by 3 = the product by 24 



1163664936, Ans. 

23. The same principle is applicable when the multiplier may 
be resolved into two parts, one of which is a factor of the other. 

Examples, 
1. Multiply 2862 by 15. 



16 = 10 + 5 


2)28620 Product by 10. 
14310 J of itself added. 




42930, Ans. 


2. Multiply 

4)25600 

6400 


256 by 75. 

Product by 100. Or, 
Less i of itself: 



2)12800 
6400 



19200, An^s. 



192q0j^44 
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3. Multiply 464 by 7f 
2)4640 

2)2320 
1160 



Or, 



4640 

1160 Less!. 

8480 



3480, Ans. 



Case VIIL 

24. To multiply together two numbers of the same 
number of places, under and near 100, 1000, 10000, etc. 

Exile. — To their suiriy with the unit-figure at the left rejected, 
annex as many ciphers as there are places in each, and add the 
product of their complements. 

Note.— The arithmetical complement of a number is the difference 
between it and a unit of the next higher order. 



Examples. 



1. Multiply 97 by 98. 



97 3, 

98 .... 3, 


complement 

« 8x3 = 6. 


9506 




2. Multiply 96 by 85. 


3. Multiply 91 by 88. 


96 4 

85 .... 15 


91 
88 


8160, Ana. 


79 
108 




8008, Ans. 


4. Multiply 997 by 989. 


5. Multiply 975 by 985. 


997 
989 


975 
985 


986033, Ana. 


Digiti060375, Ana. 



M rjLTIPLICATIOK. 25 



6. Multiply 995 by 985 

7. " ' 99 " 92 

8. « 86 " 94 



9. Multiply 986 by 991 

10. '' 987 " 987 

11. " 9996 " 9896 



By this rule we can square any number of 9's at a glance. 

Example. 

1. What is the square of 9999 ? 

9999 1 

9999 .... 1 



99980001, Ana. 

Case IX. 

25. Po multiply together any two ntmibers of the same 
number of places, over and near 100, 1000, 10000, etc. 

EuLE. — Cancel one of the left-hand figures, add the remaining 
numbers, annex as many ciphers, less one, as there are places in 
each number, and add the product of their excesses, respectively, 
over 100, 1000, etc. 

Examples. 

1. Multiply 106 by 105. 

106 Cancel the left-hand figure. 

105 Add the remaining numbei-s, and annex 

11130, Ans. 5 X 6 = 30. 

2. Multiply 112 by 114. 

112 
114 



12600 Sum after cancelling 1, with two ciphere annexed. 
168 Product of the excesses. 



12768, Anif. ^ y 

2 Digitized by VjOOQ LC 
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3. Multiply 1016 by 1007. 



j:oi6 

1007 



1023112, Arts. 



4. Multiply 110 by 125 

5. " 106 " 106 

6. " 115 " 105 



7. Multiply 1014 by 1004 

8. " 1008 '"^ 1009 

9. " 1012 " 1007 



Case X. 

26. To mnltiply together any two numbers, one of 
which is more and the other less by a convenient amount 
than 100, 1000, 10000, etc. 

EuLE. — Cancel the left-hmid figure of tlie larger number , add 
iJie renmining numbers^ annex as many ciphers as fJiere a'*'? p^/^ces 
in the smaller mimher, and stihtract the product of the dirfcr- 
ences between them, respectively, and 100, 1000, etc. 

Examples. 

1. Multiply 109 by 97. 
109 ... 9, excess. 
97 ... 8, complement 

10600 

27 Product of excess and complement subtracted. 



10573, Ans, 


. 


2. Multiply 126 by 96. 

X26... 26 


3. Multiply 112 by 95. 
112 


96... 4 


95 


12096, Ans. 


10640, Ans. 


4. Multiply 118 by 95 

5. " 115 " 85 


7. Multiply 1018 by 996 

8. « 1004 " 985 


« " 109 " 92 


9. '' 1009 " 992 

Digitized by Google 
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Case XL 
27. To sqxiaxe any mimber of two or more places. 

EuLE. — Square the units; then multiply tioice the tens {or 
twice the units and tens, if the number is over one hundred) by 
the units ; finally, square the tens {or units and tens), carrying 
as usual. 

Examples. 

1. What is the square of 64 ? 

64 Explanation, 4? = 16. 

64 4 X 12 (6 + 6) = 48, and 1 to can7 = 49. 

6* + 4 carried = 40. 



4096, Ans. 

2. Square 123. 

123 

123 3x3 = 9. 3 X 24 = 72. 

12 X 12 + 7 can-ied = 161. 

16129, Ans. 

3. Find the square of 18. 4. Of 23. 5. Of 63. 6. Of 92. 
7. Of 37. 8. Of 33. 9. Of 55. 10. Of 66. 11. Of 109. 12. 
Of 112. 13. Of 113. 

Case XII. 
28. Upon a similar principle, any two numbers whose unit- 
figures are alike may be multiplied together. 

Examples. 

1. Multiply 72 by 42. 

72 

42 2 X 2 = 4. 2 X 11 (the sum of the tens) = 22. 

4x7 (product of the tens) + 2 (carried) = 80. 

3024, Ans. 

2. Multiply 126 by 36. 

126 6 X 6 = 36. 6 X 16 (sum of all the figures to the 

36 left of units) + 3 (carried) = 93. 

. 3 X 12 (product of all the figures to the left of 

4536, Ans. units + 9 (carried) = 45. r" T 
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Case XIII. 

29. And, with a slight variation, the rule may be applied to 
cases in which the tens, hundreds, etc., of the multiplicand and 
multiplier are alike. 

EXAMPI^ES. 

1. Multiply 73 by 75. 

73 

75 6 X ^ = 15. 7 X 8 (the sum of the units) + 1 (carried) 

=57. 7x7 (product of the tens) + 5 (carried) r= 54. 

5475, Ans. 

2. Multiply 124 by 123. 

124 8x4 = 12. 7 X 12 + 1 = 85. 12x12 + 8 = 162. 
123 



15252, Ans. 

3. What will 127 yards of cloth cost, at $1.25 per yard ? 

Note. — "Write the answer directly from the example esitstandd,or give 
it mentally. 



CROSS MULTIPLICATION. 
Ca&e XIV. 
30. To multiply by any number of figures at once. 

EuLB. — First, multiply units by units ; then eachfigtire of the 
multiplicand in order by the units of the multiplier^ carryiyig as 
usual, and adding to each product the product, or products, ob- 
tained by multiplying, successively, the preceding figures of the 
multiplicand by the succeeding figures of the multiplier, up to the 
order of tlie figure multiplied, till all have been multiplied by the 
units of tlie multiplier; then drop the unit-figures, and proceed 
with the others in the same manner. Finally, multiply together 
the left-hand figures of the multiplicand and multiplier ^ add the 
number to be carried, if any, and vrrite the result 
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Note. — This process is not so difficalt as is generally imagined, and if 
once clearly comprehended, it can readily be applied in practice, especially 
in multiplying numbers of two and three places. 

31. The elucidations which follow will give a better idea of 
the process than the rule, which may appear complicated to a 
novice. 



Examples. 

1. Multiply 231 by 465. 

231 

465 Elucidation, 6x1 = 



5x3+6x1=1 



107415, Ans. 2 (carried) + 5x2 + 6x3 + 4x1 = 3 

3 (carried) + 6x2+ 4 x3 = 2 

2 (carried) + 2 x 4 = T 



10, the last result, and the figures to the right of the perpendicular line, 
form the product. The figures on the left of the line represent the num- 
bers caiTied. 

Note. — It will be seen that there is a perfect system in the operation, 
which can be followed with facility and accuracy by any skillful person, 
with suflacient practice. 



2. Multiply 4738 by 6523. 

4738 Elucidation. 8x8 = 2 
6523 3x3 + 2 + 2x8 = 2 


4 

7 


*-Iv7_l*>_l0vQ I "kvft ft 


9 




30905974, Ans. 3x4 + 6+2x7 + 5x3 + 6x8 = 9 

2x4+9+5x7+6x3=7 
5x4+7+6x7=6 


5 

9 



6 + 6x4 = 3 

Note. — To become familiar with the operation, impress upon the mind 
the order of procedure. Thus, observe that we multiply units by units ; 
tens by units, units by tens ; hundreds by units, lens by tens, units by 
hundreds ; thousands by units, hundreds by tens, tens by hundreds, units 
by thousands ; and so on. The figures of the multiplicand are taken in 
order from left to right, and those of the multiplier from "S^^t^^^ft-Tp 
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CBOSS MULTIPLICATION. 

DIAGRAM. 

lUvMrating Gross MultipUcaMon. 

4 




1939 



The abo^e diagram illustrates the operation of multiplying three figures 
by three. The different steps are indicated by the arrows, numbered in 
order, 1, 2, 3, 4, and 5. This, with the previous elucidations, will, it is 
believed, give a clear idea of the process, and enable any one of ordinaiy 
comprehension to understand it. 

Case XV. 
32. To multiply by aliquot paxts of 10, 100, 1000, etc. 

EuLE. — Multiply the multiplicand hy the number of which the 
multiplier is an aliquot part, by aiinexing ciphers; then take 
such part of the product as the multiplier is of that number. 



Examples. 

1. Multiply 1824 by 25. 

25 = i of 100. 

182400 -f- 4 = 45600, Ans. 

2. Multiply 66 by 33^. 

334 = i of 100. 

6600 -i- 3 = 2200, Ans. 

3. What is 2i^ of $462? 

2i = i of 10. 

4020 -*- 4 = 1155, and, pointing off two 
figures, we have, 11.55. |11.55, Ana, 



CROSS MULTIPLICATION. 
Table of Aliquot Parts of 10, 100, and 1000. 
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5 = i of 10 


6i = 1^5 of 100 


334 = 4 of 100 


2i = i " " 


84 = tV " " 


50 =^4 « " 


3i = 4 " ** 


12i = i " « 


125 = t of 1000. 


H = i " " 


16J = i '* " 


166J = 4 " " 


li = i " " 


20 = t " " 


250 =i " " 


H = i " " 


25 = i " " 


3334 = 4 " " 


4. Multiply 98 by 33-^ 


10. 


Multiply 3642 by IJ 


6. " 146 « 12f 


11. 


216 " 20 


6. " 224 '' 66| 


12. 


406 " If 


7. " 540 " 16| 


13. 


• " 864 " 50 


8. " 219 " 333i 


14. 


" 275 " 37^ 


9. « 248 


" 250 


15. 


" 902 « 8i 



33. This rule, with a slight variation, may also be used when 
a part of the multiplier is an aliquot part of 10, 100, etc. 

Examples. 

1. Multiply 456 by 2125. 

2125 = 24 X 1000 ; hence, 456 x 2125 = 456000 x 24, 

456000 

H 



912 

57 


969000, Ans. 

2. Multiply 237 by ISSf 

3)23700 
7900 


^ 311 

3. Multiply 48 by 333^ 

4. « 186 « 1161 

5. « 222 « 3250 


500 

•6. Ml 

7. 
8. 



6. Multiply 248 by 137^ 

« 24 " 218J 

36->" 102i 
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34. When the multiplier is |, f, f, etc-, it is easier to subtract 
i> h h ^^'f ^^ the product from itself than to multiply by the 
fraction. 

Examples. 

1. Multiply 4617 by 66|. ^ 

3)461700 Product by'lOO. 
153900 i of itself subtracted 



307800, Afls. 



2. MuWply 3856 by 87^. 



8)385600 
48200 



337400, Aiu. 



$5. To multiply by 5. 

EuLE. — A7inex a cipher to the multiplicand, and divide hy 2. 
Or, 

If the multiplicand he an even number, arinex a cipher to one- 
half of it; if odd, annex 5 to one-half of the next lower number. 



Examples. 

1. Multiply 18 by 5. 

2)180 Or, 2)18 Annex a cipher, and divide by 2 ; 

or, divide by 2, and annex a cipher 

90 90, A71S. to the quotient 

2. Multiply 19 by 5. 

2)190 Or, 2)18 Annex a cipher, and divide by 2 : 

. or, divide 18, the next lower num« 

95 95, Ans. her by 2, and annex 5. 
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MULTIPLIOATIO]^ OF MIXED 
NUMBERS. 

Case XVL 
36. To multiply a mi±ed mimber by a mixed mirnber. 

Rule. — Multiply hy the whole number of the multiplier, and 
then by its fraction, or by the fraction first. 

Examples. 

1. Multiply 14i by 16}. 

l^ 
16i 



14 X 16 = 224 
i X 16 = 4 

14i X i= 7i 



235|, Ans. 

Note. — After finding the product of the whole numbers, either whole 
number and its fraction may be multiplied by the fraction of the other, 
according to convenience. 



2. Multiply 37f by 16^. 








37i 
16i 




Or, 


'37J 
16i 


87 X 16 = 592 

} X 16i = 12^ 
37 X i= 4f or 


U 


87 X 16 = 

} X 16 = 

87} X i = 


592 
12 

m 



608^ 608ff 

Note. — ^Fractions of quantities and prices occur so frequently in busi- 
ness, that this method of multiplication is almost indispensable to the 
requisite rapidity of calculation. 
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Perfect exactness, however, is not always required in commercia] 
transactions. Thus, suppose in the above example we were reckoning the 
cost of 37J yards of cloth at IGJ cents per yard, we would call i of 37J 5, 
and J of 16i 12, and the result would be $6.09, which is accurate enough 
for all practical purposes. 



3. Multiply 33ib/ 12 J 
4 " 37J " 18f 

5. " 42| " 8f 

6. " 351 " ul 



7. Multiply 26^ by 27^ 

8. '' 45^ " 31i 

9. ' " 56i " Hi 
10. " 49| " 24J. 



Case XVII. 

37. To multiply a mixed number by a mixed number, 
when both have the same fraction. 

EuLE. — To the product of the whole numbers add the product 
of their sum by the fraction, and the square of the fraction. 

Examples. 
1. Multiply 18i by 6f 
18f 

108 = 18 X 6 __ 

12J = 18 + 6 X i + i X i 

120i, Ans. 

6. Multiply 16| by 8| 



2. Multiply lOi by 6^ 

3. " 14^ " 10^ 

4. " 24^ « 12^ 
6. Square 9J. 



7. " 221 " 8|. 

8. " 3^ « 4i 

9. Square 12|-. 



NoTE.--i of 9 + 9 = i of 9, and f of 12 + 12 = I of 12. Therefore, m 
squaring a mixed number, multiply the whole number by twice the frac- 
tion, instead of twice the number by the fraction, if it is more convenient 

38. This rule can be tised in squaring any number ending in 
25, 60, and 75, by regarding these figures as J, -J-, and J of 100 ; 
also in multiplying together any two numbers ending in 5^ 
considering 5 as ^ of 10. ^ t 
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Examples. 

1. What is the square of 1225 ? 

The square of 12i, found by tlie above rule, is ISOi^e, aucl reducing the 
fraction, we have, Io00(r25, An^. 

2. Find the square of 1675 ? 

(165)« = 280-,%, which, reduced, = 2805625, Ans. 

Note. — This can be done without changing to the fractional fown, by 
using the rule for Case II., page 17. Thus, in the last example, square 16, 
add 24 (f of 16 + 16), and annex the square of 75, namely, 5625. 

Case XVIII. 

39. When the whole numbers are alike and the sum 
of the firactions is 1. 

EuLE. — Multiply one of the whole numbers by the other plus 
1, and annex the product of the fractions. 

Examples. 

1 Multiply SJ by 8|. 

8 X 9 = 72, and 72 + J X i = 72-ft, Ans, 

2. What is the square of 12^? 

13 X 12 (or, i2irr2 + 12) + i = 156^ Ans. 



3. Multiply l^ by 14| 

4. " 9i « 9| 



5. Find the square of 25^ 

6, " « " 13^ 



Case XIX. 

40. When the difference of the whole numbers is 1, 
and the sum of the fractions is 1. 

EuLE. — Fro7n the square of the larger number subtract the 
square of its fractwn. 
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Examples. 

1. Multiply 9} by 8f 

9 X 9 = 81, and 81 - -^ = 8(Ht, Ara. 

2. Multiply 15| by 16|. 

16*= 256, and 256 - (f)« = 255H, Ans, 



3. Multiply ^ by 8^ 

4. « lOf « 9} 
6. « t\ « 6i 



6. Multiply 14fby 13J 

7. « ISf " 19i 

8. " 17i " 16f 



OOITTEAOTIOI^S IE DITISIOiN". 

41. The following methods of contracting the operations of 
Division include all in common use of practical value, and 
some that are new and original, which, in certain branches of 
business, may be employed with great advantasje. 



Case L 

42. When the divisor is 1 with one or more ciphers 
at the right. 

EuLE, — Point off as many figures from the right of the divv- 
dend as there are ciphers in the divisor. 



Example. 

1. Divide 73285 by 100. 

782.85, or, 782^, Ans. 
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Case IL 

43. When the divisor has one or more ciphers at the 
right. 

KuLE.— I. Cut off the ciphers frmn the right of the divisor, and 
the same number of figures from the right of the dividend, 

II. Then divide the remaining figures of the dividend hy the 
remaining figures of the divisor. 

III. Prefix the remainder to the figures cut off from the right 
of the dividend, for the true remainder. 

Example. 
1. Divide 96523 by 2800. 

28.00)965.23(34^im, quotient. 
84 

125 
112 

13 

Case III. 

44. When the divisor is an aliquot part of 10, 100, 
1000, etc. 

KuLE. — Divide the dividend ly the number of tuhich the 
divisor is an aliquot part, by pointing off figures from the 
right ; then tahe as many times the quotietit as the divisor is 
contained vi that number. 

Examples. 

1. Divide 8675 by 25. 

100 -*- 23 = 4. 
86.75 Pointing off two figures. 
4 Multiplying by 4. 

347.00 347, Ans. 
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2. Divide 17892 by 62f 

100 -*- 62i = f . 



178.92 X 8 -I- 5 = 286.272, Ans. 



3. Divide 1868 by IGf 

4. " 98723 " 333i 
6. " 758 " 37i 



6. Divide 1890 by 2} 

7. " 30396 " 87i 

8. « 7775 " 12i 



Case IV. 

45. When a paxt of the divisor is an aliquot part of 
10, 100, etc. 

EuLE. — Multiply both dividend and divisor by that, numher 
which will change the divisor to a number ending in a cipher or 
ciphers, a?id then divide. 

Examples. 
1. Divide 6852 by 233f 

233^)6582 
3 3 



7.00)197.46 



28|fJ-, Ans. 

2. Divide 42383 by 8125. 

8125) 42386 
8 8 



65.000)339.088(5Hm = ^Hii^ ^ns. 
325 



14 



3. Divide 9346 by 875 

4. " 8451 " 162^ 



5. Divide 3896 by 433^ 

6. « 8179 '' 166f 



■* 7. How many bushels of corn can be bought for $4000, at 
41.25 per bushel ? 
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Case V. 

46. When the divisor is a comix>site number. 

EuLE. — I. Divide the dividend hy one of tliefactorSy and the 
quotient thus found hy another y and so on, until every factor has 
been used as a divisor. 

II. Multiply each remainder by all the preceding divisors, 
except the one which produced it. 

III. Add the several products and the first remainder: the 
amount will be the true remainder. 



Examples. 



1. Divide 2835 by 25. 
25 =r 5 X 5. 5)2835 



5)567 



113 .. 2 Rem. 2x5, True Rem. 

Ans. 113ft. 

In this example, 567 is only one-fifth of the dividend ; consequently, 
after dividing by the second factor, the remainder is only one-fifth of the 
true remainder. 

2. Divide 93652 by 56. 
56 = 8x7. 8)93652 

7)11706. . .4,l8tRem. 4 

1672 ... 2, 2d Rem. 2 x 8 = 16 

True Rem. 20 

A71S. 1672^1^. 

Here, 4 is ft part cf the true remainder, and 2 is i of another part. 
Hence, 4 -i- 2x8 = 20, the true remainder. And so for any number of 
divisors; as each remainder is divided by the preceding divisor or 
divisors, so, to produce the true remainder, we must multiply by the 
same* 
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Ordinary Method, Contracted. 

47. The ordinary process of Long Division may be contracted 
by subtt-acting the product of the divisor by each quotient- 
figure from the partial dividend, without writing it. This can 
easily be done, especially by the form of addition^ according to 
the rule on page 14. 



Examples. 



1. Divide 42952 by 182. 
182)42952(236, quotient. 
(55 
109 

3. Divide 1448 by 62 

4. " 92756 « 125 
6. '' 16161 " 19 



2. Divide 37562 by 92. 
92)37562(408|f, quotient 
7 
26 

6. Divide 2000 by 16 

7. " 3376 " 27 

8. « 4219 « 86 



PECULIAR METHODS. 

48. Increasing the divisor diminishes the quotient, and dimin- 
ishing it increases the quotient in like proportion. Hence, 

To divide by a number which may be increased or 
diminished by an aliquot part of itself; to form a more 
convenient divisor. 

EuLE. — Divide hy the new divisor so formed^ and thenincreasc 
or diminish the quotie^it in the same proportion as the divisor 
has been increased or diminished. 

Examples. 
1. Divide 4290 by 15. 

15 -4 of itself =10. 
3)429.0 quotient by 10. 
143 i of itself subtracted. 

286, Ana. 
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2. Divide 147150 by 45. 

45 + i of itself = 60. 
5.0)14715.0 

9)2943 quotient by 50. 
327 i of itself added. 

3270, Ans. 

A remainder produced by the first divisor, is so many parts 
of the true divisor, and the second remainder is such a part of 
the true remainder as the second divisor is of the true divisor. 

3. Divide 78360 by 75. 

75 + J of itself =100. 
3)783.60 quotient by 100. 
261 i of the whole number added. 

1044?-^, Ans. 

Here, the remainder found by dividing by 100, is 60, which, as will be 
seen, is written in the quotient as sa many seTenty-flfths instead of Iiun- 
dredths. This is the true result ; for tlie remainder, as well as the whole 
number, must be increased by 4 of itself ; and when so increased, it will be 
equal to as many Sbventy-fifths as it was htmdredths : -ftftf + \^ = i*(ftr, 
which reduced = ^. The rule will hold good in all cases ; the required 
increase will make the first remainder the numerator of a fraction whose 
denominator is the true divisor. Therefore it may be taken as such with- 
out change. 

But, by dividing the decimal also by 3, and adding, we shall obtain the 
true quotient, with a decimal remainder. Thus, 

3)783.60 
261.20 



1044.80, true quotient, which is the same in value 
as 1044f J, as before shown. 

4. Divide 278917 by 75. 

3)2789.17, quotient by 100 ; Ist rem. 17 

929.2, I added ; 2d rem. 2. 2 X 25 = 50 

3718fJ True remainder, 67 

75 ^ 3 = 25, and hence 2, the second remainder, is ^h of the true 
amount 2~25 + 17 = 67, is the true remainder. ^^^^^^^^ ,,GoOgle 
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Or, continuing the division by 3, we have 
3)2789.17 
929.72^ 

3718.891, True quotient. 
^ reduced will be found to be equal to fj, as before. 

6. Divide 3864 by 7J. 

7i + 4 of itself = la 
3)386.4 
128.8 



515.2, Ans. 
' 0. Divide 7552 by 36. 

36 + i of itself =40. 
4i)) 755.2 Or, 4.0)755.2 1st rem. 33 

9)188.8 9)188.32 

20.9| 20. 8 2d rem. 8 X 4 = 32 

209.7f : 209|f 64 

In the latter solution, the remainder is greater than the divisor, f f = IJI, 
Which added to 208 gives the true quotient. 

7. Divide 362892 by 87f 8. Divide 4756 by 66|. 
87i + I of itself = 100. 2)47.56 

7)3628.92 23.78 

518.414 



4147.331- Ans. 



71.34, Ans. 



49. To divide by any inimber under and near 100, 
1000, etc. 

Rule. — I. Divide by a unit of the order next higher than the 
divisor, by cutting off figures from the right of the dividend. 

II. Multiply the whole number of the quotient so obtained by 
the complement of the divisor, cut off the same number of figures 
as before, and torite the result under the first quotie$i^O^C 
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III. Proceed in like manner with the whole number of this 
quotient, and so on till no whole number remains to multiply. 

IV. Add the several results together; the sum will be the quo- 
tient {the whole number being on the left of the point, and the 
remainder on the right), subject to the following changes, when 
required ': 

V. If any number has been carried from the remainder in add- 
ing, multiply this number also by the complement of the divisor, 
point off as above, and add the result to the quotient. 

VI. If the remainder equal or exceed the divisor, reduce it to a 
whole or mixed number, and add the same to the quotient. 

Examples. 

1. Divide 36714 by 99. Explanation.— 33714 ^ 100 = 367 and 14 
367.14, quotient by 100. remainder. Now, as 100 = 99 + 1, 99 is con- 

3.67, 367 X 1 -J- 100. tained in the same number 367 times, with a 
3, 3x1-*- 100. remainder of 367 x 1 + 14; or the quotient 

8705i, Ans, ^^y ^e written, 367 + — ^ = 367iJ + 

^f . Therefore, 367iJ is taken as a partial quotient, and 367 remains to be 
divided. Proceeding as before, 367 -4- 100 = 3.67 ; hence, 367 -f- 99 = 3, 
with 3 + 67 remainder. Therefore, 3 JJ is another part of the true quotient, 
while 3, divided in the same manner, gives ^\ for the final part of the 
remainder. Adding these partial quotients, we have 370|J, the true quo- 
tient. 

2. Divide 1673458 by 996. Explanation.— Reasoning as in the 
1673.458, quotient by 1000. last case, we continually multiply the 

6.692, 16.73 x 4 -*- 1000. . whole number of the quotient obtained 

24, 6x4-^ 1000. by dividing by 1000, by 4, the comple- 

4, 1 (to be carried) ment of the divisor, and place the pro- 

X 4' -7- 1000. ducts under the first. After th^ third 

1680i5S division, no whole number remains ; 

but, we observe that, in adding, 1 must be carried from the sum of the 
partial remainders ; therefore, we multiply this 1 by 4, divide it by 1000, 
and place the quotient under the other remainders. The whole quotient 
is then found to be 1680^^ 

3. Divide 64578 by 98. i 6. Divide 87432567 by 997. 

4. Divide 36725 by 97. ' 7. Divide 23476931 by 996. 

5. Divide 19872 by 96. I 8. Divide 9645395 by 995. 
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DITISOES, TAOTOES, AND 
MULTIPLES. 

50. An Exact Divisor, or Measure of a number, is any 
whole number that will divide it without a remainder. Thus, 
2, 3, 4, and 6 are exact divisors of 12. 

51. The Factors of a number are the whole numbers which 
multiplied together will produce it. Thus, 3 and 4 are factors 
of 12. 

52. Every factor of a number must be a divisor of it ; hence, 
divisors and factors are convertible terms ; a divisor is a factor, 
and vice versa. 

53. A Multiple of a number is any number which is exactly 
divisible by it. Thus, 6, 9, and 12 are multiples of 3. 

51. A Prime Number is a number which has no exact 
divisor, except itself, and 1 ; that is, which cannot be resolved 
into two or more integral fiictors ; as 2, 5, 7, 9, 11, 13, etc. 

55. A Composite Number is a number which has other 
exact divisors besides itself and 1 ; as 4, 8, 10, 12. 

56. The Prime Factors of a number are the prime num- 
bers which multiplied together produce that number. Thus, 
2, 3, and 5 are the prime factors of 30. 

57. A Composite Factor of a number is a factor which is 
a composite number. Thus, 15 is a composite factor of 30. 

Method of Factorikg Numbers. 

58. A number is^ said to be resolved into its prime factors 
when it is separated into factors which are all prime numbers. 

59. A factor is a divisor; therefore, it is obvious that the 
prime factors of a number are all of its exact prime divisors. • 
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60. To find the prime faucstoTs of a composite number. 

Example. 
What are.the prime factors of 16015 ? 

OPERATION. 

^. Analysis. — By dividing by any exact prime divisor, we 

ojl&OlD separate the given number into two factors, one of which at 
least (the divisor) is prime. If the quotient be also prime, 
it is the only other prime factor, and the work is ended ; if 
not, it contains some exact divisor which is another of the 
prime factors of the original number. So, by continuing the 
division till a prime quotient is obtained, all the divisors and 
the quotient will constitute all the prime factore of the given 
number; 6x3x7x11x13 = 15015. Hence, the 



3)3003 

7)1001 

11)143 

13 



Rule. — Divide the given number successively by its exact 
prime divisors, till a prime quotient is obtained; the divisors 
a9id the final quotient will be its prims factors, 

•61. There are no certain tests of the divisibility of numbers, 
except in a few cases, beyond which the divisors can be found 
only by trial. 

A number is exactly divisible 

By 2, if it is an even number. 

By 3, if the sum of its digits is exactly divisible by 3. 

By 4, if its two right-hand figures are ciphers, or express a 
number which is exactly divisible by 4. 

By 5, if it terminates with or 5. 

By 6, if it is an even number of which 3 is an exact divisor. 

By 8, if its three right-hand figures are ciphers, or express a 
number which is exactly divisible by 8. 

By 9, if the sum of its digits is divisible by 9. ^.^^^^^ ^y Googk 
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Examples fob Pbagticb. 

1. Find the prime factors of 31670. 

2. Find the prime factors 6f 28665. 

3. What are the prime factors of 2754? 

4. Resolve 45045 into its prime factors. 

5. Eesolve 6120 into its prime factors. 

6. Find the prime factors of 323. Of 429. Of 1761. Of 
147. Of 133. 



. GEEATEST COMMON DIYISOR 

62. A Common Divisor, or- Measure, of two or more 
numbers, is any number that will divide each of them without 
a remainder. 

63. The Greatest Common Divisor, or Measure, of 

two or more numbers, is the greatest number that will divide 
each of them without a remainder. 

Numbers which have no common divisor are said to he prime 
to each other. 

From these definitions, and the properties of factors and 
divisors, it follows that 

1. A common divisor of two or more numbers, is any prime 
or composite factor common to all the numbers; and the great- 
est common divisor is a number which contains all of those 
factors, and no others. Hence, 

2. 77ie greatest common divisor of two or more numbers is 
the product of all their common factors. ^ , 
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OPERATION. 

50)1050 . . 3150 . 


. 5250 


7)21 . . 63 . 


. 105 


3)3 . . 9 . 


. 15 
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To find the greatest common divisor of two or more 
numbers. 

Example. 

What is the greatest commx)n divisor of 1050, 3150, and 5250 ? 

Analysis.— We perceive that 50 is a 
common divisor ; and, dividing by it, 
we obtain the quotients 21, 63, and 
105. Now, as these quotients are not 
prime to each other, 50 is not the 
greatest common divisor, but only a 
■^ *' ^ factor of it. Tljerefore we must pro- 

ceed further, to find another factor. 7 is a common divisor of the quotients, 
and the division gives a second set of quotients, which contain still another 
factor ; hence, 50 x 7 is not the greatest common divisor. Finally, divid- 
ing by 3, we find the resulting quotients to be prime to each other; and, 
since there are no other common factors, 50 x 7 x 8 = 1050, must be the 
greatest common divisor of the given numbers. Hence, the 

EuLE. — I. Write the given numbers in a line, and divide theni 
all by any common factor. 

11. Divide the quotients thus obtained in like manner, and so 
continue to divide, till the resulting quotients are prime to each 
other ; and the product of all the divisors toill be the greatest 
common divisor sought 

Examples for Practice. 

1. What is the greatest comraon divisor of 15, 20, 35, and 70? 

2. What is the greatest common divisor of 105, 75, 60, and 30 ? 

3. Find the greatest common divisor of 26, 104, 65, and 39. 

4. Find the greatest common divisor of 57, 38, 114, and 171. 

5. Eequired the greatest common divisor of 36, 96, 72, and 54. 

6. Eequired the greatest common divisor of 46, 69, 102, and 
230. 

64. When the given numbers are large, and not readily fac- 
tored, another method may be adopted, which depends upon the 
followinff principles : ^ t 
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1. Every number which is a factor of another nuviher^ is also 
a factor of any multiple of that number. 

For, the product of two numbers must contain all the factors of both. 
For example, 8 is a factor of 12 ; it is also a factor of any number of times 
12, as 24, 36, etc. 

2. A common divisor of two numbers, is also a common divisor 
of their sum and difference. 

For, tlie sum or difference of two multiples of a number must be a mul- 
tiple of that number. For example, 5 is a common divisor of 25 and 35 ; 
it is also a common divisor of 60, their sum, and of 10, tlieir difference. 

3. The greatest common divisor of two nurnbers, is the greatest 
common divisor of the smaller and the remainder found by 
dividing the larger by the smaller. 

For, by division, a multiple of the divisor is subtracted from the divi- 
dend, and this multiple nmst contain eveiy factor of the divisor ; hence, the 
greatest factor of the divisor and the remainder, the other part of the divi- 
dend, must be the largest number which exactly measures both numbers. 
Thus, if 475 be divided by 15, the remainder will be 10 ; and 5, the greatest 
common divisor of 10 and 15, is the greatest common divisor of 15 and 
475. 

Example 1. What is the greatest common divisor of 325 
and 6275 ? 

OPERATION. Analysis.— Since 825 must be a divisor 

325)6275(19 of itself and of the largest multiple of 

325 itself found in 6275 (Prin. I), we divide 

by it. Now, if there were no remain- 

3025 der, 325 would be the greatest common 

2925 divisor required. But, as there is a re- 

mainder, the greatest common divisor of 

100)325(3 tlie given numbers, is the greatest com- 

300 111 on divisor of the remainder and the 

divisor (Prin. III). Hence, we prc^cced 

25)100(4 «s before, and divide 825 by 100, or the 

100 divisor by the remainder, and find a 

second remainder of 25 ; hence, 100 is 

not a divisor of 325 ; and, therefore, is not the greatest common divisor 

sought. Again, dividing the last divisor by the last remainder, we 

find that 35 is contained in 100 without a> remainder/p§^ljd;^i|ice 25 
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is the largest number that will ezuctlj' diyide itself, it is the greatest 
common divisor of itself and 100. 

Now, since 25 is the greatest common divisor of 26 and 100, it is the 
greatest common divisor of 25 and 300 (a multiple.of 100), and hence of 
100 and 300 + 25, or 325. Therefore (Prin. Ill), it is the greatest com 
raon divisor ot* the given numbera. Hence, the following 



Rule. — ^I, To find the greatest common divisor of two num- 
bers, divide the greater by the less, and if there he a remainder y 
divide the divisor hy it, and continue dividing the last divisor 
by the last remainder, till nothing remains. The la^t divisor will 
be the greatest common divisor sought 

11. To find the greatest common divisor of more than two 
numbers, first find the greatest common divisor jof two of them, 
then of this divisor and one of the other numbers, and so on, to 
the last. The last divisor will be the greatest common divisor 
required. 



Example 2. Required the greatest common diyisor of 836. 
1650, and 2783. 



OPERATION. 




836)1650 
83© 


22)2783 
22 


814)836 
814 


58 
44 


22)814 
66 


143 
132 


154 
154 


11)22 
22 



Ans. 11. 



TXcm.^The quotient are. omitted as unnecessary. The greatest com- 

an 
3 



mon divisor of 886 and 1650 is 23 ; and of 23 and 278(H 11^. ^^ GoOqIc 



50 cancellation. 

Examples fob Pbactice. 

1. Find the greatest common divisor of 150, 246, and 114. 

2. What is the greatest common divisor of 304, 703, 133, and 
1653? 

3. Find the greatest common divisor of 945, 1560, and 22683. 

4. Find the greatest common divisor of 1426, 322, and 598. 

5. What is the greatest common divisor of 11729, 7892, and 
4958? 

6. Find the greatest common divisor of 1177, 1391, and 1819. 



OAI^OELLATIOK 

65. Cancellation is the process of rejecting equal factors 
from a dividend and its divisor. It is most frequently applied 
to shorten the work, when the continued product of several 
numbers is to be divided by the continued product of several 
other numbers, as in the multiplication of fractions. 

Cancellation depends upon the following principles : 

1. If a number be both multiplied and divided by the same 
number, the quotient will be the number multiplied. 

2. If both divisor'and dividend be divided by the same num- 
ber, the quotient will not be changed. 

If a factor of any number be canceled, the number will be 
divided by that factor. Thus, 21 is equal to 7 X 3 ; and can- 
celing 7, or 3, is the same as dividing by 7 or 3 ; for 21 is the 
product of these two factors ; and 21 -?- 7 = 3, or 21 -^ 3 = 7. 
21 _ 7X3 __ 1X3 _ 

y- 7 " 3 ~'^' 

Note.— A canceled factor is simply divided by itself, and not absolutely 
stricken out : therefore, the quotient 1, and not 0, takes its place, though it 
need not be written, except in tJie final result, when all Jthe &ctorB of the 
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divisor or dividend, or of both, have been canceled. When all the &cton 
of both divisor and dividend are canceled the resnlt is ^ = 1. 

Example. 

Divide the product of 7, 8, 11, and 36, by the prodnct of 2, 4» 
12, and 14 

OFBRATiON. ANALYSIS. — ^Having first indicated 

o the operations to be performed, we 

J^vfiXllxS^ observe that 8 in the dividend is 

^ 2 y» \y TtA = 1^ Ans. equal to 2 x 4 in the divisor ; there- 

3B X » X a;5 X A* ^^^g^ ^^ cancel these numbers. 

Again, 12 is a factor of 36 ; and 36 -♦- 

Qx t\% 12 = 3, the other factor of 36 ; there- 

^ o fore, we cancel 12 and 36, and write 

X%\\ ^6 quotient above. Lastly, 7 is a 

% U%^ 3 factor of 14, and we cancel 7, and 

write 2, the other factor of 14, below. 

^)33 ^e ^en have the result ^^^ = 

16^ Ans. 16i, -4n«. Hence the 

SULE. — I. WriU the factors of the dividend and those of the 
divisor inform to express the required multiplications and divir 
sion. 

11. Cancel all the factors common to the dividend and divisor. 

in. Divide the product of the remaining factors of the divi- 
dend ty the product of the remaining factors of the divisor^ and 
the result will he the quotient. 

Examples for' Praotioe. 

1. What is the quotient of 9 X 18 X 36 X 72 divided by 
3 X 6 X 12 X 24 ? 

2. Divide 3x4x 21 X6 by 8X2X3X7. 

3. How many times are 9 times 5 contained in 45 times 15 ? 
4 Divide the product of 13, 26, 48, and 22, by the product of 

39, 62, 44, and 11. Digitized by Google 
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5. Diride 3 X 6 X 17 X 8 by 2 X 12 X 61 X 2. 

6. Multiply 18 by 3, and divide the product by 3 times 9 , 
multiply this quotient by 36 times 2 divided by 4 times 3. 

7. How many bushels of com, at $1.20 per bushel, must be 
given for 20 yards of cloth at $1.80 per yard ? 

Q v^ A^i. y ^ ^ 24X15X7X32X27 

8. Find the quotient of 9x16X18x42. ' 

n T1- A^^. ^- ^ ^ 9 X 16 X 24 X 80 

9. Fmd the quotient of leo x 27 X 48 X 3 ' 

^/.-n.. ^xu X- ^.6X8X4X3X5 

10. Fmd the quotient of 7x18x12x9x30 ' 

11. Divide 16 X 8 X 3 by 19 X 4 X 2 X 2. 

12. Divide 11 X 11 X 13 by 22 X 33 X 2. 

67. The process of cancellation may be applied to the terms 
of a proportion. 
Take, for example, any proportion, as, 
3 : 6 : : 12 : 24. 

Any factor common to either ratio, or couplet, may Ije can- 
celed. Thus, canceling 3 from the first and second terms, we 
have 

1:2:: 12:24. 

And, canceling 12 from the third and fourth terms, the re- 
sult is 

1 : 2 : : 1 : 2. 

Again, equal factors may be canceled from the homologous 
terms; that is, from the antecedents and consequents. Thus, 
canceling 3 from the first and third terms, we have 

1 : 6 : : 4 : 24. 

Or, canceling 6 from the second and fourth terms, the re- 
sult is 

3:1::12:4. 

NoTB.— For an explanation of the principles involved, and their appli- 
cation, see ProporUon. ^^^^^^ ,,GoOgle 
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LEAST COMMON" MULTIPLE. 

68. A Conunon Multiple of two or more numbers, is any 
number which is exactly divisible by each of them. Thus, 32 is 
a common multiple of 2, 4, 8, and 16. • 

69. The IiMist Oommon BEultiLple of two or more num- 
bers, is the least number which is exactly divisible by each of 
them. Thus, 12 is the least common multiple of 2, 3, and 4. 

70. Since a product is a multiple of all its factors, it is plain 
that a common multiple of two or more numbers may he found 
hy multiplying them together ; and if the numbers are prime to 
each other, this product will be their least common multiple. 

General Pbinciples. 

1. A multiple of a number contains all the prime factors of 
that number. 

2. A common multiple of two or more numbers contains aU 
the prime factors of each of them. Hence, 

3. The least common multiple of two or more numbers, is the 
least number which contains all of the prime factors of each of 
them. 

71. To find the least common multiple of two or more 
nmnbers. 

First Method. — By Factoring. 
Example. Find the least common multiple of 21, 18, 12, 
and 24. 

SOLUTION. Analysis.— The required 

21 = 3 X 7 multiple must contain all 

18 = 3X3X2 tlie prime factors of each of 

12 = 3 X 2 X 2 the numbers taken sepa- 

24 = 3X2X2X2 rately, and no others. There- 

3X7X3X2X2X2= 604, Ans. fore, it must contain aU 

their different prime factors, 
each repeated as many times as it is repeated in any of the given numbers. 
The different prime factors are, 8, 7, and 2. The greatest number of tunes 
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that these occur, respectively, m any of the numbers, is 3 twice, 7 onct;| 
and 2 three times.. Hence, the least common multiple will be composed 
of two 3*8, one 7, and three 2's. 

3x3x7x2x2x2 = 504, Ans. 

72. Another method of arriving at the same result, is to mul- 
tiply any one of the numbers (the largest is most convenient) 
by such prime factor of the other numbers as are not found in 
that number. Thus, 

24 X 3 X 7 = 504, Ana. 

73. Second Method. — By Division. 

Example. What is the least common multiple of 8, 16, 18, 
and 24? 

SOLUTION. Analysis.— Having writ- 

2)^ . . 16 . . 18 . . 24 *®^ the numbers in a hori- 

zontal line, we cancel 8, 
because it is contained in 
one of the other numbers. 
Now, since the remaining 
numbers are not piime to 
'^ • • t> • • ■»■ each other, two or more of 

2X2X2X3X2X3 = 144,. Ans, tliem must contain a common 

prime factor, wnich must, 
of course, be a factor of the required multiple. 2 is such a factor ; and 
dividing by it, we write the quotients underneath. For the same reason, 
we divide the resulting quotients by 2, and bring down the undivided num- 
ber 9. In like manner we continue the division, till the quotients and 
undivided numbera are prime to each other. These, with the divisors, 
constitute the prime factors of the least common multiple of the given 
number's. 

Thibd Method. — By Cancellation. 

74. From the foregoing illustrations and explanations, we de- 
duce the following 

Proposition.— 7%e least common multiple of two or more num- 
bers, is the product of any one of tJie numbers and such prime 
factors of the other numbers as are not contained in that num- 
ber. 



2)8 . 


. 9 . 


. 12 


2)4. 


. 9 . 


. 6 


3)2 . , 


. 9 . 


. 3 



Hence, the process of cancellation may be applied. 
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Example. Find the least common multiple of 12, 18, 24, 27, 
and 36. 

SOLUTION. Analysis.— Plrst, can- 

It .'. Z$ . . U . . t'X . . 36 eel 12 and 18, because 

2 X 3 X ^Q=2U,Ans. ^^^y ^^ ^*^^" ^^ ^6. 

Then, cancel 12, the 

greatest common factor of 24 and 36, from 24, and write the remaining 
factor 2, underneath. Lastly, cancel 9, the greatest common factor of 27 
and 36, from 27, and write the remaining factor, 8, underneath. The pro- 
duct of these remaining factors and the undivided number, 36, is the least 
common multiple required. 

75. If any of the giren numbers can be dirided into two or 
more factors, one of which is contained in a second number, 
another in a third, and so on, the whole number so divisible 
must be canceled. 

Example. What is the least common multiple of 21, 13, 18, 
14, and 63 ? 

SOLUTION. Analysis. — Cancel 21, 

tl . . IS . ^ H . . i4 . . 63 because it is a factor of 

13 X 2 X 63 = 1638, Ans. cause it is a prime num- 
ber, and is not a factor of any of the other numbers. Now, 18 is com- 
posed of two factors, 9 and 2, one of which is cantained in 63, and the 
other in 14 ; therefore, cancel 18. Finally, cancel 7, the greatest common 
factor of 14 and 63, from either number. The remainmg factors, 13 x 2 
X 63 = 1638, Ans. 

KoTE. — Care must be taken, in this process, to avoid canceling a factor 
too many times. For example, take the numbere 9, 24, and 48. 9 may be 
canceled, for the reason that one of its factors, 3 and 3, is found in 24, and 
the other in 48. But, as 3 occurs only once as a factor in either of these 
numbers, it must not be canceled from either; and the largest other factor 
which can be canceled is 8, not 12, or 6. 

76. From the foregoing examples and illustrations, we derive 
the following 

KtJLE. — I. Resolve the given mtrribers into their prime factors, 
or ascertain their separate prime factors by any of the foregoing 

methods. rr^r^n]f> 
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11. Multiply together ull their separate prime factors, and the 
product will be the least common multiple required. 



Examples fob Practice. 

1. Find the least common multiple of 11, 22, 15, 10, 30, and 
35. 

2. Find the least common multiple of the denominators of 
the following fractions : -^, ^, ^, -^, ^, and ^. 

3. Eeqnired the least common multiple of 27, 13, 39, 7, 6, 
and 4 

. 4, Required the least common multiple of 8, 16, 45, 50, and 5. 

5. Find the least common multiple of 19, 57, 3, and 5. 

6. Find the least common multiple of 16, 18, 34, 17, and 54 

Ans. 7344. 

7. What is the least common multiple of 3, 7, 18, 9, and 27 ? 

8. What is the least common multiple of 25, 14, 17, 51, and 
99? 

9. What is the least common multiple of 9, 17, 6, and 27 ? 

10. Find the least common multiple of 13, 52, and 39. 

11. Find the least common multiple of 13, 17, and 31. 

12. Three cog-wheels run together; the first, having 25 cogs, 
drives the second, which has 120 cogs, and the second drives the 
third, which has 360 cogs: how many revolutions from any- 
given position tnust each wheel make before they all will be in 
the same position as when they started ? 

Ans. ' The first, 72 revolutions ; the second, 15 ; and the 
third, 5. 

13. A can walk around a certain island in 2 days, B in 3 
days, and in 4 days. Suppose they all start at the same time, 
from one point, and travel at these rates till they all arrive to* 
gether at the starting-point : how long will they travel ? 

Ans. 12 days. 
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OOMMOIJI^ FRACTIONS. 

77. A Fraction is a part of a thing, number, or quantity. 

Fractions arise from division. If a thing be divided into two 
equal parts, each of these parts is called one half; twQ of them 
are called two halves. If it be divided into three equal parts, 
the parts are called thirds ; if into four equal parts, they are 
called fourths, and so on. 

78. A Fractional Unit, or the Unit of a Fraction, is 

one of the equal parts into which a thing, number, or quantity 
is divided. 

IiiLUSTRATiOK. — ^If an apple be cut into any number of equal parts, 
one of those parts is a fraction of the entire apple, but in itself a 
fractional unit, or a w?u?le thing, — a piece or part One third of a yard is a 
fractional unit of a yard, but a whole foot. A square rod, viewed as a 
certain quantity of surface, is an mtegral unit, but regarded as a part of 
an acre, it is a fractional unit. 

79. A Written Fraction is an expression denoting one or 
more fractional units. 

80. Fractions are of th^ same unit when they express frac- 
tional units of the same kind or value, whether abstract or con- 
Q^te. 

81. Fractions are of two kinds. Common and Decimal They 
are distinguished by i^ieir forms : thus, ^ is a common fraction ; 
and .5 (= -^ = ^) is a decimal fraction. 

82. A Simple Common Fraction is expressed by two num- 
bers, written one above the other, with a line between themu 
Thus, one half is written i ; three fourths, J. 

83. The number above the line is called the Numerator , be- 
cause it numbers the fractional units. It shows how many are 
taken or considered. 

84. The number below the line is called the Denominator, be- 
cause it denominates, or names the fractional units. It shows 
their size, or how many make an integral unit. ^ i 
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85. The Terms of a fraction are the numerator and denomi- 
nator, taken together. 

86. A Proper Fraction is a fraction whose numerator, is 
less than its denominator. Its value is less than a unit; as, ^, 

hi' 

87. An Improper Fraction is a fraction whose numerator 
equals or exceeds its denominator. Its value is equal to, or 
greater than, a unit ; as, J, ^, f , -^ . 

88. A Mixed Number consists of a whole number and a 
fraction ; as, 15J, 4^. 

89. A Simple Fraction is a fraction whose numerator and 
denominator are both whole or simple numbers ; as, -|, -J^. 

90. A Compound Fraction is a fraction of a fraction, or 
two or more fractions connected by the word of, or with the sign 
of multiplication between them ; as, | of J of | ; H X^ X-^. 

91. A Complex Fraction is a fraction which has a frac- 
tion in one or both of its terms ; as, ~, J, 7^, ^7-. 

92. The Reciprocal of a Fraction is the fraction in- 
verted; thus, I is the reciprocal of -J. 

98. The Eeciprocal of a whole ntimber is 1 divided by the 
number. Thus, the reciprocal of 25 is '^, 

General Priistciples. 

94. Fractions are most commonly regarded as indicating divi- 
sion which cannot be performed. It will relieve the whole sub- 
ject of very many perplexities to view them as denoting division 
actually performed, according to the fact For example, the 
quotient of 5 divided by 9 is |, which truly expresses \ of 5, for 
6 = 45 ninths, and 45 ninths —9 = 5 ninths. 

A fraction simply expresses a number of fractional units 
which are the result of the division of an integral number. The 
numerator shows their number, and the denominator their de- 
nominational value. 

Therefore, a fraction is multiplied, or divided, iike a simple 



number, by multiplying or dividing the numerator, because this 
multiplies or divides the units, without changing their magni- 
tude. 2 times 1 third are 2 thirds ; 3 times 4 sevenths are 12 
sevenths One half of 8 ninths is 4 ninths. 

But, a fraction may also be multiplied, or divided, by perform- 
ing the reverse operation on the denominator. Dividing the 
denominator multiplies the fraction by increasing ihe denomi- 
national value of its units, and multiplying the denominator 
divides the fraction by diminishing the denominational value of 
its units, without changing their number. 1 half divided by 2 
is 1 fourth, because ^ is one half the magnitude of ^. 5 sixths 
multiplied by 2 is 5 thirds, for thirds are twice the value of 
sixths. 

These principles may be enumerated as follows : — 

I. Multiplying the numerator multiplies the fraction, and di- 
viding the numerator divides the fraction. 

II. Multiplying the denominator divides the fraction, and 
dividing the denominator multiplies the fraction. 

III. Multiplying or dividing loth terms by the same number^ 
does not change the value of the fraction. 

Exercises in Writikg Fractions. 
95. Express the following fractions in figures : 
1. One half. I 7. One thousand two hundred 



2. Two thirds. 

3. Four sevenths. 

4. Nineteen twenty-firsts. 

5. Eighteen thirty-ninths. 

6. Two hundred and twenty 

five four-hundredths. 



and seventeen ten-thou- 
sand-four - hundred - and 
thirteenths. 

8. Nine hundred and seventy 

eight millionths. 

9. Write 16 in fractional form- 



96. Write in figures the following mixed numbers : — 

1. Seventy five, and one half. 

2. Eighteen, and seven elevenths. 
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3. Three hundred, and twenty -four twenty-fifths. 

4. One thousand four hundred and twenty, and forty forty- 
firsts. 

5. Twenty-seven hundred, and twenty-seven hundredths. 

6. One million, and one millionth. 

7. Three hundred and fourteen, and eighteen ten-thoasandthsii 

8. Seventeen, and three hundred-thousandths. 

D7. Write as improper fractions : — 

1. One-fourth of seven. Ans. J. 

2. Two-thirds of eighteen. Ans. -y = -ijfc. 

3. One-eighth of seventeen. 

4. Three-fourths of twenty-four. 

6. -t of 8. f of 12. I of 20. t of 37. 

REDUCTION OF FRACTIONS. 

98. Reduction of Fractions is the process of changing 
them to equivalent fractions of different denominations. Thus, 
f may he changed to f , or ^, without altering its value ; or, the 
denomination may be raised, as ^ to f, -^, etc. 

General Principle. — Multiplying or dividing loth terms 
of a fraction ly the same number does not alter its value. 

Case I. 

99. To reduce a fraction to its lowest terms. 

A fraction is in its lowest terms when its numerator and de- 
nominator are prime to each other ; that is, when they are the 
least whole numbers which will express its value. 
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Example. 



Reduce -||- to its lowest terms. 



OPERATION. 



Analysis. — ^The division of both terms ot a 
fraction by the same number does not change its 
value. Hence, by the first method, we divide 
both terms of the given fraction by 6, a common 
factor, and obtain J, and then both terms of this 
result by 3, and get i, which is in its lowest terms, 
for the numerator and denominator are prime to 

each other. 
By the second method we obtain the same result by dividing both terms 

by 18, their greatest common divisor. Hence the following 



em = * 

Or, 



Rule. — Divide the numerator and denominator successively 
by any of their common factors : 

Or, divide both terms by their greatest common divisor. 



Examples fob Practice. 

1. Reduce |^ to its lowest terms. Ans, f . 

2. Reduce -j^ to its lowest terms. 

3. Reduce -^ to its lowest terms. 

4. Reduce f^J^ to its lowest terms, Ans. -fg, 

5. Reduce -^^ to its lowest terms. Ans, -^^ 

Reduce tlie following fractions to their lowest terms : — 



1. 


A 


4. 


^ 


7. 


Ml 


10. 


iWr 


2. 


a 


5. 


m 


8. 


^ 


11. 


m 


3. 


a 


6, 


m 


9. 


n 


12. 


m 



Case IL 

100. To reduce a ftaction to an equivalent fraction of 
any given denomination. 

It has been shown that fractions are reduced to lower terms 
hj. division; and, conversely, they may be raised to higher 
terms by multiplic-ation. 
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Example. 
Change \ to its eqniyalent in 12ths. 

OPERATION. Analysis.— -Since both terms must be mul- 

12 -7- 4 = 3 tiplied by that number which will make the 

■1 w Q Q denominator 12, we divide 12 by the denomi- 

-r- ^ = r^, Atis. nator of the given fraction, to find the required 
* ^ ^ ^'^ multiplier. 12 -j- 4 = 3, and multiplying both 

terms of ^ by 8, we obtain ft, Atis. Hence the 

EuLE. — Divide the required denominator iy the denominator 
of the given fraction, and multiply loth terms of the fraction by 
the quotient. 

Examples fob Pbactice. 

1. Change -J to a fraction whose denominator is 40. 

2. Eeduce f to 36fchs. 

3. Eeduce -^ to 75ths. Ans, ^. 

Note. — Under the rule, the multiplier in this case is -Aftr = }• See Ex- 
ample 3, page 41. We may first reduce the fraction to its lowest terms, J, 
or to Hi and then raise the denomination by multiplying both terms by 
15, or by 3. 

4. Eeduce -^ to its equivalent in 68ths. Ans, ^. 

89-t 

5. Eeduce -^ to 75ths. Ans. fj. 

101. By the same rule, with the word numerator substituted 
for denominator, a fraction may be changed to another of equal 
value, having a given numerator. 

Examples. 

1. Eeduce ^ to an equivalent fraction having 15 for a numera* 
tor. Ans, ^. 

2. Eeduce f toa fraction whose numerator is 6. Ans. — - 

6|-. 

8. Change 3| to a fraction whose numerator is 9. Ans. ^r- 
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Case III. 

102. To reduce a mixed number to an improper ftao- 
tion. 

Example. Seduce ISj- to an improper fractiou. 

OPERATION. 

IS^ Analysis. — Since there are 9 ninths in 1 , there 

9 are 13 times 9 ninths in 13 ; 13 x 9 = 117, and 117 

ninths + 5 ninths = 122 ninths = H^, Ans, 

J-|^, Atis. Hence the 

EuLE. — Multiply the whole number by the denominator of the 
fraction, to the product add the numerator, and place the sum 
over the denominator. 

Note. — To reduce a whole numher to a fraction of a given denomination, 
multiply the whole number by the required denominator, and write the 
product oyer the denominator. Thus, 7 reduced to thirds is V. 



Examples for Pbactiob. 

1. Eeduce 334- to an improper fraction. 

2. Eeduce 162-J to fourths. 

3. In 723-j^, how many fourteenths ? 

4. Eeduce 126^ to an improper fraction. 

5. Eeduce 4604- to an improper fraction. 

6. Eeduce 27 to a fraction having 4 for its denominator. 

7. How many fifths in 14 ? In 47 ? In 132 ? 

Eeduce the following mixed numbers to improper fractions :-- 

10. 3983% 

11. 719* 

12. 26^ 
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1. 17| 


4 131^ 


7. 


99i 


2. 29i 


6. 721-iV 


8. 


222i 


8. 11^ 


6. 347tV 


9. 


147i 



64 



EEDUCTION OF FEACTIONS. 



Case IV. 

103. To reduce an improper fiuction to a whole or 
mixed number. 

Example. Eeduce ff to a mixed number. 

OPEBATION. Analysis. — The numerator de- 

14 = 57— 16 =3-:^ Ans, notes the number of fractional units, 

and the denominator shows that 16 
of these units make an integral unit. Therefore the value of the fraction 
in integers is found by dividing 57 by 16. 57 -f- 16 = 3iV 

EuLE. — Divide the numerator hy the de^iotninator. 

Note. — When there is a remainder, write it over the denominator, at the 
right of the integral part of the quotient, as a fraction. In general, first 
reduce this fraction to its lowest terms. 

Examples fob Practice. 

1. Reduce ^^ to a whole or mixed number. Ans. 12J. 

2. Reduce ^^ to a wliole or mixed number. Ans. 97. 

3. Find the integral value of Jl^. 

4. How many units are there in ^jj^o ? « 

5. Reduce H to a whole number. 

6. If 465 dollars be divided equally among 17 persons, how 
much will each receive ? 

Reduce the following fractions to whole or mixed numbers : — 



1. « 


4- HU 


7. HF 


10. m^ 


2. W 


5. ¥ 


.8. im 


11- m 


3. W 


6. W 


9. m^ 


12. ^ii 



Case V. 

104. To reduce fractions to a common denomination. 
Several fractions have a common denominator, or are of the 
same denomination, when their denominators are alike. 

A common denominator of two or more fractions may be any 
multiple of all their denominators. The continued product of 
the denominators must be a multiple of them (Arjb..70). , 
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Example. 
Bediice i, ^, and f to the same denominatioii. 

OPERATION.-— jPir«< MetJiod. Analysis. — Hav- 

9X7X3 = 189, common denominator. ^^S found the con- 

i of 189 = 105. I = «4 ^°"^^ ?'^^".^* ^^ ^!:« 

Ii?-.o/^ -./xo 1 J«o denommators to be 

4 of 189 = 108. 4t = m 189, we take this as 

i of 189 = 126. I = i|4 the common denom- 

inator. Each fi-ac- 
tion is then reduced to 189ths by taking for its numerator such part of 189 
as the fraction is of 1, or by dividing by the denominator and multiplying 
by the numerator. Thus, to obtain a new numerator for f , we divide 
189 by 9 and multiply the quotient 5. The result, 105, placed over the 
common denominator, gives a fraction which is equal to f ; for, f = f of 
l=4of+|J = m 

Second Method, 

9 X 7 X 3 = 189, common denominator. 
5x7x3 = 105, new numerator of |. 
4x9x3 = 108, new numerator of 4. 
^ 2X7X9 = 126, new numerator of f . Ans. |ft, fJI, f|f. 

Analysis. — By this method we multiply each numerator by all the de- 
nominatoi-s, except its own, and write the results, respectively, over the 
common denominator. And, since the product found by multiplying each 
denominator by all the others is the common denominator, it follows that 
the terms of each fi*action are both multiplied by the same number; hence 
its value is not changed. The process may be illustrated as follows : 
5^x7x3_105 _4x9x3_108 2^x7x9_126 
9x7x3 " 189* 7x9x3"* 189' 3x7x9" 189* ^^^® ^^ 
derive the following 

EuLE. — Multiply all the denominators together for a common 
denominator J and the numerator of each fraction by all tlie 
denominators except its own for the new numerators. 

Or, take such apart of the common denominator for the nu- 
merator of each fraction as the fraction is of a unit 

Notes. — 1. Fractions not in their lowest terms, may first be reduced, to 
simplify the work. 
2. Compound and complex fractions should first be reduced to simpl6 
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Examples for Kracttoe 

« 

1. Reduce |, ^, and ^ to the same denomination. 

^^S' !%:» -A^. ^^' 

2. Seduce -^, ^, and ^ to the same denomination. 

3. Eeduce \, |, -J, and ^ to the same denomination. 

4. Eeduce -^^ f, and ^ to the same denomination. 

5. Eeduce i, \y and -j>y to the same denomination. 

Case VI. 

105. To reduce fractions to their least comznon de- 
nomination. 

The Least Common Denominator of two or more fractions, U 
the least common multiple of their denominators. 

Example. Eeduce f , J, |, and J to their least common de- 
nomination. 

OPERATION. Analysis. — The least common multiple of the de- 

$ 4 ^ S 'lominators, which we find to be 24, is the least common* 

3 denominator, f of 34 = 16, which written over 24 giyes 

Ji = f . In the same manner we find the value of each 

24 of tlie other fractions in 24ths, each of the new numera- 

8 — lA tors being such a part of 24 as the fraction is of a 

s _. 18 unit. 

J _ |T By this process the values of the fractions are not 

* ~ ** changed, for the terms of each are multiplied by the 

i ~ a same number. Hence the 

Rule. — I. Find the least common multiple of the denomina- 
tors for the least common denominator, 

II. Take such part of this com7no7i denominator for the nic- 
meratar of each fraction as the fraction is of a unit. 

Note. — All the fractions should first be reduced to their lowest terms. 

Examples poe Pbactice. 

1. Bedace f, f, -^^ and f^ to their least common denomina- 
tion. Ans. Hf , Uiy i^f iftV. 
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2. Reduce 2^, 4J> and 2f to their least common denomination. 

Ans. %Sy 4^, 2^. 

3. Eeduce ■^, |, -j^, and f} to their least common denomina- 
tion. 

4. Reduce -^^ ^, |, and i to their least common denomina- 
tion. 

5. Reduce ^, ^, i^, and j- to their least common denomination. 

6. Reduce 4, -f^, J, and i{ to their least common denomina- 
tion. 

7. Reduce i-}, f , f, and -^ to their least common denomina- 
tion. 

Reduce the fractions in the following examples to equivalent 
fractions having the least common denominator : — 



1- i, h A, ♦ 

2. . 3|, 14f, 19i 

3. IS^, 200i, A 

4. h h h A 



5- h i, h A 

7 H 70 3P 10 

*• Ta' To* To> Ta 



Case VIL 

106. To reduce fractions to a common denomination 
by insi)ection. 

Prom the preceding cases and analyses we derive the follow- 
ing 

Rule. — Multiply or divide both terms of the given fractxonsy 
respectively y by any number that will make their denominators 
alike. 

Example. Reduce ^ and -J^ to the same denomination. 

OPERATION. Analysis. — By inspecting the denominators we 

7X5 35 s®® ^^^^ 5 X 12 = 60, and 15 x 4 = 60. There- 

12 y 5 ^ 60 ^^^^' ^y multiplying both tenns of -fir by 6, and 

both terms of A by 4, the fiactionfl are changed 

4X4 lb to the same denomination. 



15^ X 4 " 60 
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Examples pob Pbaotiob. 

1. Eeduce -J^ and 44 ^ «• common denomination. 

2. Reduce -J and ^ to the same denomination. 

3. Rednce ^, f, ^, and -J to their least common denomination. 

4. Reduce -j^, ^\-, and -j^ to their equivalents in 8ths. 

6. Reduce -^, -^, and ^ to the denomination of 33ds. 

Ans. a, -jftf ■^. 

ADDITION OF FRACTIONS. 

107. The Addition of Fractions is the process of finding 
the sum of two or more fractions. 

Fractions can be added only when they are of the same de- 
nomination and the same unit. 

When several abstract fractions have a common denominator, 
their numerators express fractional units of the same value, and 
the operation of adding them is like the addition of simple 
numbers. Thus, if it be required to find the sum of f and f, 
the process may be represented as follows : — 

3 fourths, 
+ 2 fourths, 

= 5 fourths. 

It is just as evident that 3 fourths and 2 fourths are 5 fourths, as that 
3 hoi-ses and 2 horses are 5 horaes. We add the fractional units preciselv 
like simple numbers. 

When the denominators are unlike, the fractions must first be reduced 
to the same denomination. For example, f and i cannot he added in their 
present form, for fourths and eighths are not like fractional units. But, 
} = f andt + 5 = ¥=li 

Concrete fractions must not only be reduced to the same denomination, 
but to the same unit. For example, J of a yard added to i of a foot, ia 
neither f of a yard nor J of a foot. But J of a yard is equal to } of a foot; 
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Casb L 
108. To add ftactions. 

Example 1. What is the sum of |, |, and |? 

OFERATIOBT. AkALTBU. — Silloe 

14-3-1-5 the denominators are 

i + I + i = g = i = li> ^^*- alike, the numcratore 

express fhictional 
units of the same value. Therefore, we add the numerators *like simple 
numbers, and write their sum over the common denominator. 

Example 2. Add f , f, f , and -J. 

OFEBATION. 

i + * + * + ! = « + « + ii + H- = » = 3A = 3l,^^w. 

Analysis. — In this example the denominators are unlike, and hence 
the fi actions cannot be added in their original form. We, therefore, first 
reduce them to the same denomination, and then add them as in the pre- 
cedhig example. 

Example 3. Find the sum of ^, |, -^, and ^. 

OPERATION. Analysis. — This illustrates a rapid method 

19 of adding fractions. The numerators, reduced 

g to 86ths by inspection, are wi'itten and added 

9 like simple numbers. 

FroA these illustrations we derive the follow- 

Eule. — Reduce the fractions^ if necessary^ to a common de- 
nomination ; then add the num^ratorSy and write the sum over 
the comm^m denominator. 



Note. — ^In adding mixed numbers, find the sum of the fractions and 
whole numbers separately, and then add their sums. Practically, add the 
fi'actions fiist, and carry the resulting integers, if any, to the unUs* column. 
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Examples fob Pbacticb. 

1. Addi,|,i,andf 

2. Add ^y A» f aiid -ft^. 

3. What is the snm of 141| and 19f ? 

4. Wb^t IS the sum of 27|, f, 4^, and 42^? 
6. Add f , ^, f , and ^ 

6. Add It *<> i of 30. 

7. What is a third and half a third of 10 ? 

Solution. — ^ = i ; i of 10 = 6. 
o 



Ans. lHh 



Aiu. 5. 



Find the sum of the following : 



1. i + i + i + i 

2. 4^+31+9^ + 1 

3. 171 H- 19 + 200^ 

4. 1++ + 4J +A 



5- tf -f- 3it + 751f + 18 

6. 198H + 4OO3V + 217U 

7. 37f + J8| + 361 + -jV 

8. J + I + II + A + tV 



9. What is the snm of A, A, ^, and -^ ? 10. Of 1, J, J, -A-, 
and H ? 11. Of 11, 13t, 161, and 1 ? 



12. Add 1,11, 1, and 1 

13. Add 31, 141, aiid 19f 

14. Add ll^V, 13^^, and H 
16. Add I, ■^, and ^ 

16. Add 425f and 1781tV 

17. Add 10001 a^d 275^ 

18. Add 304611 and 275811 

19. Add 2751, 371, and 1161 



20. Add 30011 and 1911 

21. Add 26758^ and 481 

22. Add 75, 621 and 87^ 

23. Add tV, a. 17, and 61 

24. Add 9^15. and 17|^ 

25. Add 206 and 354^ 

26. Add 211, 32}, and 47^^ 

27. Add 11> H> and 181 



Oase IL 
109. To add two fiaotions having 1 fi>r their numexa* 
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Example. Add 4* and |. 

OPKRATioif. AwALYSifl.— TLe process of 

9 + 7 reducing the fractions to the 

T ' T ^^ 9~X~7 ^^ •^' -47W. same denomination gires 1x9 

for the new numerator of f , and 
1 X 7 for the new numerator of i ; that is, 9 and 7, the denominators of 
the giyen fractions, form the new numerators, while their product is the 
common denominator. Hence the 

EuLB. — Write the sum of the denominators over their product. 

Examples fob Practice. 
Add the following fractions : — 

l.i + i I 3. A + ^ I 6.^ + i I 7. i + i 
2.* + + I 4. ^ + tV I 6. ^ + i I 8. T^+i 

Case III. 
110. To add two fractions whose zuLmeratoTS are alike. 

Example. Find the sum of \ and f. 

OPERATION. Analysis. — ^By the pro- 

(5 -f 8) X 3 *5®^ of reducing the fractions 

i + i = 6~X~8 = ffj -^^' to the same denomination, 

we should obtain for the 
numerator of the first, 8x8, and of the second, 3x5, and for the com- 
mon denominator, 5x8. But 3 X 8 + 3 X 5 = (8 + 5) X 3. Hence the 

EuLE. — Multiply the sum of the denominators by the common 
numerator y and write the product over the product of the denom 
inators. 

Examples fob Peacticb. 
Find the sum of the following fractions: — 
1- »+ * I 3. I + tStI 5. J + i I 7. tV + A 
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SUBTEACTION OF FEACTIONS. 

111. Subtraction of Fractions is the process of finding 
the difference between two fractions, or numbers, when either 
or both are fractional. 

One fraction can be subtracted from another only when both 
are of the same denomination and the same unit. 

When the minuend and subtrahend have a common denomi- 
nator, the numerators of the fractions express fractional units 
of the same value, and the process of subtraction is like that of 
simple numbers. For example, let the difference between -^ 
and -^ be required. The analogy of the process to the sub- 
traction of simple numbers may be illustrated as follows : — 

7 twelfths 
— 5 twelfths 

= 2 twelfths. 

7 twelfths less 5 twelfths equals 3 twelfths. There is no practical 
difference between the operation of taking tV from tV. a»d the subtraction 
of 5 units from 7 units, or iftf from -i^, or 5 yards from 7 yards. In each 
case the remainder is 2 of the given denomination. 

When the fractions are of different denominations, they must first be 
reduced to the. same denomination. For example, to subtract -fs from i, 
we must reduce f to ICths, or both fractions to some other denomination, 
f =ife,andi/V-A = T^. 



Case I. 
112. To subtract a fraction from a fi^action. 

Example 1. From -^ take ■^. 

OPERATION. Akaltsis. — The fractions being of the 

^ _ 7 _-- 2 j^^fig^ same denomination, we have only to sub- 

ti-act the numerator 7 from the numerator 

0, and write the remainder oyer the common denominator, 15 -, 7 fifteenths 

from 9 fifteenths leayes 2 fifteenths. 
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Example 2. From | take +. 

OPERATION. Analysis. — The f^rcn fractions 

i_4.=r4iL 4|- = 4i Ans, ^^S of different dcnominatloiui, 

must f rst be reduced to the same. 
I = Jl ; 4 = f f ; and 49 fifty-sixths minus 82 fifty-sixths = 17 fifty-sixths. 
Hence the following 

EuLE. — Reduce the fractions, if necessary, to a c&mmon, or 
their least common denomination. Subtract the numerator of 
the subtrahend from the numerator of the minuend, and place 
the difference over the common denominator. 



1. From li take -^ 

2. From -}^ take -i- 

3. From I take ^ 

4. From ^ take ^ 



Examples poe'Pbactice. 

5. From ^ take -f^ 

6. From -^ take \ 

7. From -^ take \ 

8. From ^ take -| 



Find the value of the following fractions : — 



i-i +i-(4+i) 

2- I + I - i + T?ir 

3. iV - "A + i + f 

4. li - i + 7 - I 



^* Tooa TOT 
6. tV + iV - H + H 
^. H + M-uV + Tlir 
8. l-i-^-li 



Case IL 

113. To subtract one fraction from another when each 
has 1 for a numerator. 

Example. Subtract \ from |. 

OPERATION. Analysis. — In reducing the frac- 

9 r^ tions to a common denomination by 

4— -J- = rtT-; — Q = 1^, Ans, the ordinary process, we should ob- 

tain for the new numerators 9x1 and 
7 X 1, or 9 and 7, the denominators of the given fractions; and, for a 
common denominator, 9x7 = 63. Hence the 

Rule. — Write the difference of the denominators over their 
product. 
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subtbactiok of pbactioks. 
Examples pob Practice.' 



1. Prom J take I 

2. From ^jV take -3^ 

3. From ^ take ^ 



4 From i take i 

5. From ^ take ^ 

6. From ^ take tJt 



Case III. 

114. To subtract one fraction from another when their 
numerators are alike. 

Example. From | take ^. . 

OPERATION. 



Analysis.— The process 
of reducing the fractions to 
the same denomination 
would give for the nume 
rator of he firat 16 x 3, and of the second, 5x3; but, 16x3 — 5x3 = 
(16 — 5) X 3 = 33 ; and the common denominator is 5 x 16 = 80. Hence 
the 



, 3 _ (16 - 5) X 3 3. , 



Rule. — Multiply the difference of the denominators by the 
common numerator, and write the product over the product of 
the denominators. 



Examples for Peactice. 

I 3. From -J take 4^ 
I 4. From ^ take -^ 



1. From ^ take -^ 

2. From ^ take -^ 



Case IV. 

115. To subtract a fraction or a mixed number ftx>m a 
whole number. 

Example 1. From 18 take |. 

operation. Analysis.— Since there is no fraction in the minu- 

18 = 17 f eiid from which to subtract the J, we borrow 1 from 

|. 8, which is equal to f, arid from this take f ; and, as 

we have taken 1 from 8, the whole number remaining 

17i is 17, and 17 + i = 17J, Ans. 



Digitized by VjOOQIC 



8UBTEA0TI01S' OF PBACTI0K8. 76 

Example 2. Prom 37 take 3 J. 



OPERATION. 
37 

33i 



Analysis.— Borrow 1 from 37, reduce it to 4th8, 
and subtract i from it ; 1 = i, and J — } = i. Then 
carry 1 to 3, and subtract 4 from 37. Ans, 83^. 

Hence the following 



KuLE. — Borrow Ifrom the minuend, and reduce it to a frac- 
tion of the same denomination as that of the given fraction. 
From this subtract the fraction ; then carry 1, and subtract as 
in simple numbers. 

Examples for Practice. 



1. Prom 256 take ^ 

2. Prom 423 take ISl^^^ 

3. From 676 take 112^4 

7. A man haying 342 acres of land, sold 210f acres. How 
much had he left ? 



4. From 100 take -j^ 
6. From 75 take W 
6. From 125 take 39| 



8. From 1 dollar take ^ of a dollar. What fraction of a dol 
lar will remain ? 

Case V. 

116. To subtract a mixed number firom a mixed num- 
ber. 

Example 1. Prom 37| take 18f . 

OPERATION. Analysis.— In this example the fiuction of 

37-J = 37f^ the minuend is greater than that of the subtra- 

ISf = IS^J hend. Therefore, having reduced the fractions 

to the same denomination, we take if from H» 

19n^, -4/W. and then 18 from 87. The whole remainder is 

19A, Ans. 

Example 2. Prom 83^ take 46f 

operation. Analysis. — In this case, since we cannot 

83^ = 83f = 82^ take f from J, we borrow 1 from 83, and, 

46|- • reducing it to 9ths, add it to f , and then 

from the sum subtract J. } + f = Y^, and 

36-}, Ans. V^ — J = f . Then carrying 1 to 6, we sub- 

tract 47 from 83. Hence the folU?wing 
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EuLB. — Reduce the fractions, if necessary, to the same dmorn^ 
ination, and then subtract as above explained. 

Note. — We may reduce the mixed numbers to improper fractions, and 
then proceed according to the rule for subtracting a fraction from a frac- 
tion. 

Examples pob Peacticb. 



1. From 812| take 641|| 

2. From 100| take ^ 

3. From 259^ take 125^ 

4. From 999f take 110|5^ 



6. From ^ take 83^ 

6. From 1|^ take 1^ 

7. From 18f take 3| 

8. From 375^ take 216^ 

9. What number increased by 19f will be equal to 39|? 

10. What number must be added to 2^ to make the sum 4:^ ? 

11. The sum of two numbers is 28|, and the less is 9^; what 
is the greater ? 

12. The difference between two fractions is ^, and the greater 
is f ; what is the less ? 



13. From 81-J take J 

14. From 816 take l|i 

15. From 37f take 1^ 

16. From 217| take 31| 

17. From 19^ take 18| 



18. From 419 take -^ 

19. From ^U^iakQ 3yf^ 

20. From 16fJ take ^ 

21. From 8^ take ^ 

22. From 100^ take 11^ 



MULTIPLICATION OF FEACTIONS. 

117. Multiplication of Fractions is the process of find- 
ing the product of two or more fractions, or numbers, when 
one or more of them are fractional. 

General Principle. — Multiplying the numerator, or divide 
ing the denominator, multiplies the fraction. 



Case L 
niTiltiply a fraction by a whole 
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Example. Multiply tV ^7 ^ 

FIK8T METHOD. ANALYSIS.— JPVr«< Method, Multiplying the 

7X4 28 numerator multiplies the fraction, by taking 

To ~ 12 ~ ^* ^^® number of fractional units as many times 

as there are units in the multiplier. 4 times 

SECOND METHOD. 7 twelfths are 28 twelfths. 

w M Second Method. Dividing the denolninator 

— , =: -— = 2^ also multiplies the fraction, by increasing the 

1/6 -r 4 6 denominational value of the fractional units, 

THiBD METHOD. ^^ making each four times as Uurge as it was 

' before, without changing their number. 

>L X _ ~ _ = 2^ Thirds are four times the value of twelfths. 

it 1 3 ' Third Method, This method is identical in 

3 principle with the first. The operation is 

expressed, and the process of cancellation applied. Hence we have the 

following 

Bulb. — Multiply the numerator ^ or divide the denominator. 

Note. — ^It is better to divide the denominator when it contains the 
multiplier without a renudnder, in order to get the result in lower terms. 



Examples pob Pbactice. 



1. Multiply -A- by 5 

2. Multiply H by 18 

3. Multiply ^ by 11 

4. Multiply i by 2 



6. Multiply ^ by 16 

6. Multiply -1^ by 31 

7. Multiply li by 9 

8. Multiply 4 by 25 



9. At "I of a dollar a yard, what will 15 yards of cloth cost ? 

10. What are 156 bushels of oats worth, at f of a dollar per 



bushel? 



Case II. 



119. To mtQtiply a whole number by a fraction. 

To multiply by a fraction is to take such a part of the multi- 
plicand as the multiplier is of unity. Thus, multiplying by J 
is taking \ of the multiplicand, or dividing by 4; 12 X i, or J 
of 12, is 12 -f- 4 =3. rooal^ 
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Example. Multiply 32 by |. 



FIB8T ICBTHOD. 

8)32 

4 
3 

12. Ans. 

8BC0ND XBTHOD. 

32 
3 

8)96 

12, Ans. 

THDID lOETHOD. 

^^Xj =^^12, Ans. 



Akaltsib.— By the first method i 
of 82 is found by diyiding by 8. Then 
the quotient 4 multiplied by 8 equals 
13, or f of 82. 



By the second method Ve multiply 
by the numerator, and then divide by 
the denominator. The result is the 
same, for i of 82 = i of 82 x 8. 



The third method is the same in 
principle as the other two. The 
operation is expressed, and the result 
obtained by cancellation. Hence we 
derive the following 



EuLB. — Divide by the denominator and multiply by the nu 
merator. 

Note. — When it is not evident that the denominator is an exact divisor 
of the multiplicand, it is generally better to multiply by the numerator 
first 



Examples por Peactice. 



1. Multiply 42 by ^ 

2. Multiply 371 by | 

3. Multiply 285 by \{ 

4. Multiply 27 by i 



6. Multiply 236 by -J 

6. Multiply 375 by f- 

7. Multiply 4130 by -^ 

8. Multiply 217 by 1 



9. What is f of 21 ? | of 91 ? -f of 17 ? -^ o^ 19 ? 

10. What is the difference between 24 times -J and -J of 24 ? 

11. A person having 135 acres of land, sold |^ of it to one 
man, and i of it to another. How many acres had he left ? 
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Case IH. 

126. To mtQtiply a fraction by a fraction. 

Example 1. Multiply | by f . 

OPERATION. Analysis.— To multiply a number, 

•J X J = fi, Ans, whether whole or fractional, by a frac- 
tion, is to take such ft part of it as the multiplier is of a unit. Now, one 
fourth part of f is a fraction haying the same numerator, and a denomi- 
nator four times as large ; that is, to divide i by 4, wo multiply the denom- 
inator by 4 (Prin. II). Therefore, i of 5 = g-^ ^~ — ; and } of I = A 

X 3 = $i> Afis, This operation is equivalent to multiplying the numera- 
tors together for the numerator of the product, £^nd the denominators to- 
gether for the denominator. 

The work may often be shortened by canceling all factors common to 
numerators and denominators. 

Example 2. Multiply ^ by |. 

OFEBATiON. ANALYSIS.— The Canceling of equal factors 

2^ V — i Ana ^^^ t^® numerator and denominator of the ex- 

fl rf ~ ^^ ' pressed result, is identical in principle with the 

7 process of reducing a fraction to its lowest 

terms ; for a common factor of any numerator and any denominator, is a 
common factor of the terms of the product. 

121. The operation of finding the continued product of sev- 
eral fractions is the same. This is generally called the Reduc- 
tion of Compound Fractions to Simple ones. 

Example 3. Multiply together ^, |, and |. 

OFEBATION. NoTB. — Multiplying together A, t, and 

3 0^ }, is equivalent to taking that fractional 

it ^ 8"^'i~^^ Ans, papj Qf Qne Qf them which is indicated 
by the other two. Thus, we may regard 
A as multiplied by * of f = i, or i as multiplied by A of t = iV There- 
fore, the process is the same as tfiat of multiplying a fraction oy a fraction. 
Hence we have the following 

BuLE. — Multiply together the numerators for the numerator 
of the product, and the denominators for the denominator. i 



80 multiplicatioiq- of pbactioks. 

Examples for Practice. 



1. Multiply -J by -J 

2. Multiply ^ by \i 

3. Multiply I by ff 
4 Multiply fl by 1+ 



5. Multiply 14 by VV 

6. Multiply f?- by I 

7. Multiply^ by ^ 

8. Multiply H by H 



9. Find the value of -J X VV X A X |f . 

10. Find the value of -j^ of -^ of ^ of ff-. 

Note. — The word of between fractions signifies multiplication. 

11. Find the value of 3^ X i X A X i^j X 2f 
Note. — ^Fii*st reduce the mixed numbers to improper fractions. 



12. Find the value of 7^ X i + f of i + 9f X 4 X 5 - I of 2. 

Ans, 10|1. 

Case IV. 

122. To m-ultiply a mixed number by a whole number 
or a whole number by a mixed number. 

Example 1. Multiply 29f by 5. 



OPERA.TION. 


Analysis. 


29} 


5 times 29 = 145 


5 


5 times } = 3i 



j^ 145 + 31 = 1481, Ans. 



148|, Ans. 






Example 2. Multiply 


186 


by6f 


OPERATION. 

186 
6| 




ANALYSIS. 

6 times 186 = 1116 
ifif 186 = 139i = 139i 


1116 
1394- 




1116 + i39t = 1255i 



1255^, Ans. 
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Hence the following 

EuLE. — Multiply {or multiply by) the whole and fractional 
part separately, and add the products. 

Examples fob Pbactice. 



1. Multiply 210 by 3f 

2. Multiply 347i by 17 

3. Multiply 876^ by 16 

4. Multiply 1216 by 12^ 



6. Multiply 17| by 12 

6. Multiply 16 by 13} 

7. Multiply.621iby4 

8. Multiply 246 by 7i 



9. Wbat is the cost of 346 yards of white muslin at 21^- cents 
I)er yard ? 

10. Find the value of 472 tons of coal at $6} per ton. 

11. What is the cost of 16 tons of hay at J22| per ton ? 

12. What is the cost of 210 barrels of flour at $9| per barrel ? 



Case V. 

128. To mtQtiply a mixed number by a mixed num- 
ber. 



Example. Multiply 18^ by 3^. 

FIRST HBTHOD. 

2 
91 i0 



SECOND METHOD. 

H 

64f =18^X3 
6iV = 18iXi 

60|, Ans. 



AnXLYSis.— First Method. By this 
method we first reduce the mixed 
numbers to improper fractions, and 
then proceed as in Case III. 
Ans, Second Method, In this solution we 

first multiply both the whole num- 
ber and the fraction by 3, and then 
by J. 3 times 18 are 54, and 3 times i 
are § ; 4 of 18 is 6, and i of i is tV. 
* The sum of these results is the total 
product. This is a practical method, 
quite as simple, and shorter than 
the first Of couree, we may mul- 
tiply either by the fi-action or whole 
number firet. Hence the following 
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EuLE. — Reduce the mixed numbers to improper fractionSy and 
then multiply numerator ly numerator and denominator by 
denominator. Or, 

Multiply both the whole number and the fraction of the multi- 
plicand by the whole number and the fraction of the multiplier 
separately y and add the products. 

Examples foe Pbactice. 



1. Multiply 3| by 4^ 

2. Multiply 17i by 13i 

3. Multiply 204 by 7^ 
4 Multiply 18f by 7^ 



5. Multiply 26f by 9f 

6. Multiply 131f by ^ 

7. Multiply 19| by 17^ 

8. Multiply 42-^ by 6| 



9. What will 33^ yards of print cost at 16| cents per yard ? 

10. At $23| per ton, what is 9^ tons of hay worth ? 

Note. — ^For short practical methods of multiplication, see pages 16 to 
86, indusiye. 

DIVISION OF PEACTIONS. 

124. Division of Fractions is the process of finding how 
many times one number is contained- in another, when one or 
both are fractional. 

Geioiral Pbinciplb. — Dividing the numerator^ or multiply- 
ing the denominator, divides the fraction. 

Case L 

125. To divide a fraction by a whole miniber. 
Example. Divide | by 3. 

FmsT METHOD. ANALYSIS. — First Method, 

Dividing the numerator di- 
__^ 6-7-3 _ g _ J J vides the fraction, for i of 6 is 

»"^'^~ 8 ""■»"" t> -^^W- 2; and upon the same princi- 
ple, i of 6 eighths is 2 eighths. 
SECOOT) METHOD. 8econd Method, Multiplying 

the denominator also divides 

»^^ Q _ ^ — JL X Ans ^® fraction, by diminishing 
• ^"8X3 ""«""*^ ^^* the denomkiational value of 
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THIBD METHOD. ^^ fractional units, or making 

^ - each one-third its former size. 

■|-^3 = — X — = ij Ans, Twenty-fourths are one-thu-d 

$ t the value of eighths. 

^ Third Method. This method 

is substantially the same as the 

second, the dividend being mnltiplied by the reciprocal of the divisor. 

Hence the 



BuLE. — Divide the numerator or multiply the denominator. 

Note. — It is better to divide the numerator when it exactly contains 
the divisor, as this will give the quotient in lower terms. 



Examples fob Practice. 



1. DivideAl>y8 

2. Divide ^ by 17 

3. Divide H by 6 

4. Divide .^ by 10 



5. Divide ^hj ^ 

6. Divide |^ by 11 

7. Divide i by 1 

8. Divide |f by 13 



Case II. 



126. To divide a whole miinber by a fraction. 



Example. Divide 18 by |. 



18 X 8 
18 ^ -f = — 5 — = 48, Ans. 



FIRST METHOD. ANALYSIS. — First Method 

Since 18 contains \ as many 
times as there are eighths in 
18, it will contain | one third 
of that number of times. 18 = 
144 eighths, and 144 -f- 3 = 48. 

18 ^ I = 18 -J- 3 X 8 = 48, Ans. ^^^^^^^ Method. 18 contains 

3 six times ; but 6 is only i of 



SECOND METHOD. 



the true quotient, for 3 is eight 
times |. Therefore, the quotient 
is 6 X 8 = 48. 

Third Method. Multiplying 
by the reciprocal of the divisor. 
is the same operation in principle, and gives the same result.^ t 
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18 -T- 1 = Y X -^ = 48, Ans. 
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In each of these solutions we multiply by the denominator and divide 
by the numerator. Hence we have the following 

EuLE. — Multiply hy the denominator and divide by the numer^ 
ator. 

Examples for Peactick 



1. Divide 9 by li 

2. Divide 13 by ^ 

3. Divide 8 by ^ 

4. Divide 6 by -Jf 

5. Divide 15 by ^ 

6. Divide 11 by ^ 



7. Divide 4 by i- 

8. Divide 3 by f 

9. Divide 324 by Jf 

10. Divide 1728 by ^ 

11. Divide 1964 by \^ 

12. Divide 4659 by 4s: 



Case III. 



127. To divide a firaction by a fraction. 
Example. Divide ^ by -j^. 



operation. 



A-A = AxV- = -H- 



Analysis. — We have seen that a whole 
number is divided by a fraction by di- 
viding by the numerator and multiply- 
ing by the denominator. A fraction is divided by a fraction upon the 
same principle. t'^;j j- 6 = A ; and vV x 11 = \\, Or, the process may be 
explained as follows:— 6 is contained in tP^ one-sixth of -,^j times, equals 
7^ of a time ; but ^ being only tV of 6, is contained in it 11 times as 
many times ; and ^^ x 11 = ^J, Ana, This operation is equivalent to mul- 
tiplying the dividend by the divisor inverted. Hence the 

Rule. — Multiply the dividend by the divisor inverted. 

Note. — It follows from the principles of cancellation, that when the 
fractions have a common denominator, it can be rejected, and the division 
performed, as in whole numbers, by dividing- the numerator of the dividend 
by the numerator of the divisor. Thus, Ji-*--3V = 21-^7 = 3. Evidently, 
3 thirty-fifths are contained in 21 thirty-fifths as many times as 7 is con- 
tained in 31, or 3 times. 



1. Divide i by | 

2. Divide H ^7 1 

3. Divide H by H 

4. Divide ii by H 



Examples for Practice. 

5. Divide H by if 

6. Divide % by | 

7. Divide H by H 
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9. Divide iof-^hj^yof H. 
. 10. Divide | of | by ^ of VV of if. 
11. What fraction multiplied by f} will produce J? 

Case IV. 
128. To divide a mixed xnimber by a whole nxunber. 

Example. Divide 48| by 7. 

OPERATION. Analtsib.— We first m- 

7)48^ _ -^ ^ vide the whole number, 48, 

g-, it m. Of ■*^, by 7, as in simple nmnbers, 

iy.-=-7 — M- 64-44— fll^ Jfi9 *"^ ®^^^^ ^^ integral part 
^ • ^-*f,^+**-^>i*, ^W5. ^^^^ quotient, 6, with a re- 

mainder of 6f . This remainder we reduce to an improper fraction, and 
divide as in Case I. 

Or, the entire dividend may be reduced to an improper fraction, and 
divided as in Case I. Hence the 

EuLE. — Divide the integral and fractional parts separately, 
afid unite the quotients, Wlien there is a remainder on dividing 
the whole number, prefix it to the fraction, reduce to a7i improper 
fraction, and divide as in Case L Or, 

Reduce the mixed nurriber to an improper fraction, and divide 
as in Case /. 

Examples pob Peactice. 



1. Divide 14f by 2 

2. Divide 21-^ by 6 

3. Divide 39^ by 12 

4. Divide 88^ by 22 

5. Divide 3487^ by 14 

6. Divide 435| by 27 



7. Divide 312^ by 5 

8. Divide 1^ by 3 

9. Divide 342^ by 17 

10. Divide 243^ by 162 

11. Divide 237| by 2 

12. Divide 18^ by 6 
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Case V. 
129. To divide a whole ntunber by a mixed ntunber. 
Example. Divide 3876 by 187 J. 



Analysis.— We first multiply the di- 
visor and dividend by 2, to reduce both 
to halves, because the divisor contains 
the fraction i, and then divide as in 
whole numbers. The true quotient is 
thus obtained, for the multiplication of 
both divisor and dividend by the same 
number does not change their relation to 
each other. And, according to the prin- 
ciples of cancellation, we may reject the common denominator, and divide 
numerator by numerator. See note. Case IIL Hence the 

EuLE. — Reduce both divisor and dividend to the denomination 
of the fraction of the divisor, and then divide as in whole num- 
bers. 



OFBRATION. 

187^)3876 
2 2 

375 )7762(20«f, Ans. 
750 

252 



Examples for Pbactice. 



1. Divide 4000 by 13| 

2. Divide 127 by 25^ 

3. Divide 18 by 1^ 

4. Divide 475 by llf 

5. Divide 1870 by 9^^ 

6. Divide 1362 by 100^ 



7. Divide 206 by 2^ 

8. Divide 118 by 17| 

9. Divide 14 by 2^ 

10. Divide 396 by llf 

11. Divide 2162 by 19J 

12. Divide 162 by 18^ 



Case VI. 
130. To divide a mixed mimber by a mixed number. 



Example. Divide 18| by 3^. 



FIRST MBTHOD. 



i8i = H* 



109 
2 



X ^ = W = 5A- 



Analysis. — First Me- 
thod. Having firat re- 
duced the mixed num- 
bers to improper frac- 
tions, we proceed as in 
CasellL 
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SECOND METHOD. 

^' ^ Second Method, By this method we reduce both the 

" " divisor and the dividend to 6ths, by multiplying both 

9n\TnQ/^_» ^^ ^' ^® ^®^* common multiple of the denominators 

^0)109(5Tft- Qf ^Q fractions. The division is then performed as in 

100 whole numbers. Hence we have the following 

9 

Buii]^ — Reduce the miased numbers to improper fractions, and 
then proceed as in the division of a fraction by a fraction^ Or, 

Multiply both divisor and dividend by the least common muU 
tiple of the denominators of the fractions, and then divide as in 
whole numbers. 

Examples foe Peacticb. 



1. Divide 24 J by ^ 

2. Divide 132i by 14^ 

3. Divide 926^ by 12^ 
*4. Divide 100^ by 25| 



6. Divide 2H by IJ 

6. Divide 14f by 6\ 

7. Divide 99^ by 9^ 

8. Divide 113| by 14^ 



9. If a pound of tea cost H dollars, how many pounds can be 
bought for 17 i dollars ? 

10. If 4J tons of coal cost $36-^, what is the price per ton ? 

11. How many turkeys at $1-J each can be bought for $16| ? 



EEDUCTION OP COMPLEX FRACTIONS. 

131. A Ooxuplez Fraction merely expresses division, either 
the numerator or denominator, or both being fractional, or indi- 
cating certain operations to be performed to reduce them to 
simpler forms. 

Hence, to reduce complex to simple fractions, or whole or 
mixed numbers, we have only to perform the operations indi' 
cated by rules already given. ^, ^ ^^ ,,Google 



feS REDUOTIOir OF COMPLEX PRACTIOlfS. 

Examples. 

1. Reduce 4- to a simple fraction. 

SoLUTiOJ^: i-i-i = iX| = H = A^ ^^• 

JL. 

2. Eeduce Jf to a simple fraction. 

SoLTJTiOJ^ :^^3| = VtXf = H = A» ■^^«- 

3. Eeduce J_ j to its simplest form. 

4. Eeduce |^ |r- to its simplest form. 

18 -^ 4- 
6. Eeduce ' ^ to its simplest form. 

y X J 

A complex fraction whose numerator and denominator are in simple 
foim, may be reduced to a simple fraction by multiplying both terms by a 
multiple of the denominators of their fractional parts, or by the denom- 
inator of the fractional part, if only one term is fractional. 

Examples. 

1. Eeduce r| to its simplest form. 

Solutio^^: If X S = ^ = ^**^ ^"^^ 

144. 

2. Eeduce -^ to its simplest form. 

3. Eeduce -^^ to its simplest form. 

In certain cases both terms can be divided by some number that will 
clear both of fractions. 



41 
4. Eeduce ~ to a simple fraction, 
y 



5. Eeduce -^t to a simple fraction 



^ = h^ns. 



Solution: 4J 
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GREATEST COMMON DIVISOR OP FRACTIONS. 

132. The Greatest Common Divisor of two or more 
fractions, is the greatest fraction that will divide each of them, 
and give a whole number for the quotient. 

Since in dividing by a fraction, we multiply the dividend by 
the reciprocal of the divisor, it follows that one fraction will be 
an exact divisor of another when the numerator of the divisor 
is an exact divisor of the numerator of the dividend, and the 
denominator of the divisor exactly contains, or is a multiple of 
the denominator of the dividend. For example : ^1^, ^, -j^, and 
■^, are exact divisors of fj-, since each of the denominators is 
a multiple of 16, and each of the numerators an exact divisor 
of 15. In other words, after inverting the divisor, the denom- 
inators may be canceled, and the quotient wiU be a whole 
number. Thus, 

3 

15_^15^£940_ 

16 '48 H^ 1$" '^' 

'Again, we have seen that when one fraction is to be divided 
by another having the same denominator, the division can be 
performed by dividing the numerator of the dividend by the 
numerator of the divisor, as in simple numbers. Hence, it is 
evident that to obtain an exact divisor of two or more fraction s> 
we have only to find a fraction whose denominator is a common 
multiple of all the denominators of the given fractions, and 
whose numerator is an exact divisor of all the numerators. That 
fraction having the largest numerator and the least denominator 
which will answer these conditions, in any given case, is the 
grea-test common divisor required. Hence, 

133. To find the greatest conmioii divisor of two or 
more firactions. 

Rule. — Find the greatest common divisor of their numerators 
for a numerator, and the least common multiple of their denom' 
inators for a denominator. This fraction will be the greatest 
common divisor sought. ^ , 

Digitized by VjOOQLC 



90 least oomhok multiple of 7ragti0ks. 

Examples. 

1. What is the greatest common divisor of |, ^, and f ? 

BoLunoN. — Greatest common divisor of the numerators = 3 

Least common multiple of the denominators = Jg " 

Therefore, -^ is the greatest common divisor required. 

2. Required the greatest common divisor of 3^, ^, and 2^. 

Ans, ^. 

Notes. — ^1. First reduce the mixed numbers to improper fractions. 

2. In this case, the numerators are prime to each other, and therefore, 
their greatest common divisor is 1. Hence, the greatest common divisor 
of two or more fractions whose numerators are prime to each other, is a 
fraction whose numerator is one, and whose denominator is the least com- 
mon multiple of the denominators. 

3. Find the greatest common divisor of ^, j^, and -f^. 

4. What is the greatest common divisor of 2|, 3^, and J ? 

6. A gentleman wishes to inclose his yard, which is 56 feet 
3 inches long and 40 feet 6 inches wide, with an iron fence, the 
parts or sections of which shall be of equal lengths: what is 
the length of the longest sections that can be used ? 

Ans. 2 feet 3 inches. 

LEAST COMMON MULTIPLE OP FEAOTIONS. 

131. The Iieast Common Multiple of two or more frac- 
tions, is the teast number that can be divided by each of them, 
and give a whole number for the quotient. 

A fraction will contain another fraction a whole number of 
times only when, with the divisor inverted, the denominators 
may be canceled ; or in other words, the numerator of the divi- 
dend must exactly contain the numerator of the divisor, and 
the denominator of the divisor must exactly contain the denom- 
inator of the dividend. Thus, f is a multiple of \, -J, -^^ etc. ; 
and ^ is a multiple of -J, -f^y ^, -j^, etc. 

Hence, a multiple of several fractions having a common de- 
nominator, is a fraction having the same denominato^T or a 
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multiple of it, and a numerator which exactly contains, or is a 
multiple of all the numerators. 

That fraction having the least numerator^ and the largest 
denominator that will answer these conditions, in any given 
case, is the least common multiple required. Hence, 

135. To find the least common multiple of two or more 
fractions, we have the following 

BuLE. — Find the least common multiple of their numerators 
for a numerator y and the greatest common divisor of their denom- 
inators for a denominator. This fraction will be the least com- 
mon multiple sought. 

Examples. 

1. What is the least common multip/^ of -j^? h ^^^ i ? 

Solution : Least common multiple of the numerators = 21 
Greatest common divisor of the denominators = 4 

Therefore, ^ = 5J, is the least common multiple sought. 

KoTES. — 1. When the denominators are prime to each other, the lef^st 
common multiple is a whole number. 

2. The least whole number that will contain two or more fractions in 
their lowest terms, an exact number of times, is the least common mul- 

«tiple of their numerators. 

2. What is the least common multiple of 3-^, f , and 6-i^ ? 

3. Find the least common multiple of f , f , and ^. 

4. A, B, and C start together from the same point to travel 
around a mile race-course, in the same direction, till they all meet 
at one point. A walks 2^ miles per hour ; B, 3^ miles ; and 
rides 10^ miles. How many hours must they travel, and how 
many times must each go around the course ? 

Ans. 115^ hours. 

A, 3171 times. 

B, 404^ times. 

C, 12m times. 
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136. Miscellaneous Examples in Fbactions. 

1. Add A, i, A. and ^. 

2. From 275| take 27|t. 

3. Eeduce -j^, -^^ and f^- to their lowest terms. 

4. Eeduce ^^^ to a mixed number. 

5. What is the sum of i, |, j\, ^, and H? 

6. From -J- of | take | of ^^fg-. 

7. Find the yalue of f of ^ of ii of ^. 

8. Find the value of (3^ X i) + 2^ X (3^ - 2^^ 

9. Multiply 4} by 9f 

10. Multiply 445} by 17. 

11. Multiply 1256i by 14|, 

12. Multiply 32| by f 

13. Divide 16-^ by 17|. 

14. Divide | of 3^ by | of 16f 

15. A man had | of | of $960, and paid | of f of it for a 
horse : how much had he left ? 

16. When apples are worth $4| per barrel, what is f of a 
barrel worth ? 

17. A person having a certain sum of money, paid tV of | 
of it to B, and J of -^ of it to C, and then had $500 remainiug: 

.how much had he at first ? 

18. What number diminished by \ and -^ of itself, leaves a 
remainder of 1358 ? 

19. 376 is ^ of what number ? 

20. What number is that ^ of } of which is 240 ? 

21. What must be added to 631f that the sum will be 20}. 
times 42^ ? 

22- ¥mi the value of ^^_^.^ X f-^^-^- 
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23. A man being asked the value of his farm, replied that its 
value increased by -^ of itself and $367| more, would be 
$3072^ : what was the value of his farm ? 

24. A and B own together 836 sheep : how many ha's each, 
if A has 2^ times as many as B ? 

25. A merchant purchased 150 yards of cloth for $675, and 
sold f of it at a profit of $| per yard, and the remainder at a 
loss of 1-^ per yard : how much did he gain ? 

26. If "I of a stick of timber 14 feet long be sawed into five 
sections of equal length, what fractional part of the whole length, 
will one of the sections be ? What will be the length of each 
section ? 

27. If 6i tons of hay cost $124^, how many tons can be 
bought for $373^, at the same rate ? 

28. A can do a certain piece of work in 12 days, and B can 
do the same in 9 days : in how many days can both do it ? 

29. Jamfes has 36 cents, which is |^ of f of William's money: 
how much money has William ? 

30. If 18 horses consume 14} bushels of oats in 32|^ days, 
how many bushels will ten horses consume in 7i days ? 

31. If "I of a dollar will purchase 2^ lbs. of coffee, how many 
pounds can be purchased for 5} dollars ? 

32. The sum of two fractions is fj, and their difference i , 
what are the fractions ? 

33. Si times a certain number added to 1 equals -J of the quo- 
tient obtained by dividing 4f by If : what is the number ? 

Ans. iff. 

34. A gentleman invested -j^ of his money in real estate, -J- of 
it in railroad stock, and the rest he deposited in a savings bank. 
The amount which he deposited in bank was $4500 more than 
he invested in stocks. How much money had he ? 

Am. $16200. 

35. The product of the sum and difference of two fractions is 
fff, and their sum is l-jft- : what are the fractions ? 

Ans. i and |. 
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DECIMAL FEAOTIOIS^S. 

1S7. A Decimal Fiaotion is a fraction whose denominator 
is some power of 10 ; as^ 10, 100, 1000, etc. 

Decimal Fractions are briefly called Decimals. The word decimal is 
deriyed from the Latin dedmaUa^ from deemus^ tenth, from decem, ten. 

138. Decimals are distingnished from common fractions by 
the mode of their expression. The numerator of a decimal 
only is written, with a dot (.) called the decimal point, or sepa- 
ratrix (and ciphers when necessary) before it, to indicate the 
denominator. Thus : 

A is written .8 I tSt w ^written .08 

tWt " " .25 I nfinr " " .006 

139. Decimals arise from successive divisions by 10, or by 
dividing a unit into 10, 100, 1000, etc. equal parts. A unit 
divided by 10, is one tenth j one tenth divided by 10, is one 
hundredth j one hundredth divided by 10, is one thousandth, 
and so on. Ten thousandths make one hundredth ; ten hun- 
dredths, one tenth ; ten tenths, a unit or one. 

NOTATION AND NUMERATION. 

140. The system of Decimal Notation corresponds with 
that, of integers. It is, in fact, but an extension of that system 
downward in the scale; hence its great practical convenience 
and utility. Decimals, alone or together with integers, may be 
operated upon in precisely the same manner as whole numbers. 

In decimals, as well as integers, a unit of any order is ten 
times the value of a unit of the next lower order, and one- 
tenth the value of a uiyt of the next higher order. A decimal 
is, therefore, expressed by writing the numerator in a certain 
position with reference to the decimal point. Mixed numbers 
are written with the decimal point between the integers and 
the decimals. These principles are illustrated bj^ the following 
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Notation and Numbbation Table. 




&' ^ ^ ^ ^ ^ ^' &' si y 
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ooooooooo 

V , ' 

Dechcals. 



The first figure on the right of the decimal point expresses 
terUhs; the second, hundredths; the third, thousandths, etc. 
And, beginning with units and numerating both ways, we find, 
left and right, integers and decimals of corresponding names 
equidistant from the units' place, as shown by the following 
diagram: 



Integbbs. 



Dbcdials. 



4 1 


5 e 


) 


3 6. 

t3 


5 


3 


d 7 


1 


Pens. Tenths. 




Btundreds Hundredths. 






Ihousandfl. Thousandths. 




Ten th 


Dusandg 


\, 




Te 


a-thous 


andths. 



141. It follows from this law of local value that> in writing 
decimals, vacant orders must be filled with ciphers. For ex- 
ample, to express five hundredths, 5 must be written in the 
second decimal place, and a cipher in the first; thus, .05, 
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142. We also observe that every decimal place indicates a 
cipher in the denominator, when the decimal is written as a 
common fraction ; that is, the denominator is always 1 with as 
many ciphers annexed as there are places in the decimal 

143. Since the value of a figure depends upon its position 
with reference to the decimal point, the removal of a figure one 
l^lace to the left, by changing the location of the point, multi- 
plies the number it represents by 10 ; and the removal of it one 
place to the right divides the number by 10. Hence, 

1. The prefixing of a cipher to a decimal {on the right of the 
poiyit) divides it hy 10, for it removes all the figures one place to 
the right. 

2. Tlie annexing of a cipher to a decimal changes its denom- 
ination, hut does not alter its value, for it does not change the 
place of any figure. 

Illustrations. — 1. If a cipher be prefixed to .5 it becomes .05, which 
is the quotient of .5 divided by 10, for -ft? -+- 10 = A x -h = -rhs = .05. 

2. If a cipher be annexed to .5 it becomes .50, which is of the same value 
afl .5, for a cipher is thus added to the denominator ; that is, both terms 
of the fraction are multiplied by the same number ; .50 = 1^^^ = -j^ = .5. 

144.' From these principles we deduce the 

EuLE FOR Decimal Notation. 

Write the numerator as a whole number, and prefix the deci- 
mal point, with ciphers if necessary, so as to make as many 
decimal places as the denominator contains ciphers. 

And also the 

Rule for Decimal Numeration. 

Bead the significant figures as a whole number expressing so 
many units of the lowest denomination contained in the decimal. 

Notes.— 1. A decimal may be read otherwise. Thus, .234 may be read, 
two tenths, three hundredths, and four thousandths. 

2. A common fraction is frequently connected with a decimal ; as, .45 J. 
In such a case, the common fraction is a fmction of a unit of the lowest 
decimal order. In this instance, it is one-third of one hundi*edth. The 
whole is read, forty five and one third hundredths. 
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145. Write the following numbers according to the decimal 
Bystem of notation : — * 

1. Nine tenths. 

2. Seven hundredths. 

3. Fourteen thousandths. 

4. Two hundred and twelve thousandths. 

5. Fifty-four, and three tenths. 

6. One hundred and sixty, and six hundredths. 

7. Eighteen, and nineteen thousandths. 

8. One thousand, and one thousandth. 

9. Write the following fractions decimally: •^, -jy^, -f^y 
loboO' 1 0^ i o> Tir^ looo* , 

10. Express decimally, 3^, ISyHir^ ^^3^^^, 4000y^, 
555y^, 16^, l ioohoo - 

11. How many millionths are equal to five thousandths? 



Ans, 6000. 



Exercises ik Numebatiok. 



Head the following : — 



1. 


.4 


5. 


18.75 


9. 


10000.001 


2. 


.37 


6. 


23.001 


10. 


10001.10001 


3. 


.381 


7. 


91.225 


11. 


145658.888 


4. 


.6567 


8. 


62.12i 


12. 


. 3762.000203 



EEDUCTION OF DECIMALS. 

Case I. 

146. To reduce a decimal to a common fraction. 

This operation consists simply in changing the form of the 
expression. Hence the ^ , 

5 Digitized by VjOOQ IC 



98 ^ KEDUCTIOlSr OF DECIMALS. 

Rule. — Erase or omit the decimal point and ciphers prefixed^ 
if there he any^ and write the significant figures of tlie decimal 
over its de^wminator, which is a unit with as many ciphers 
annexed as there are places in %e decimal 

Examples. 

1. Eeduce .9 to a common fraction. A7is. /^. 

2. Eeduce .125 to a common fraction. 

3. Reduce .003 to a common fraction. 

4. Eeduce .00375 to a common fraction. 

5. Reduce A2j^ to a common fraction. 

6. Reduce .46} to a common fraction. 
'7. Reduce .33^ to a common fraction. 

8. Reduce 3.66f to a common fraction. 

Case II. 
147. To reduce a coxninon ftaction to a deciznaL 

Example. Reduce | to a decimal fraction. 

OPERATION. Analysis. — Since the fraction } is less than 

4.\3 QQ a unit, and is equal to i of 3, we first reduce 

— ^ J the numerator to tenths by annexing a cipher, 

* • and then divide. 4 is contained in 30 7 limes, 

or, i of 30 tenths is 7 tenths, with a remainder of 2. To continue the 
division we annex another cipher, which reduces this remainder to hun- 
dredths, and find that 4 is contained in 20 5 times. Now, since we have 
annexed two ciphers, or multiplied the numerator by 100, we have re- 
duced it to hundredths, and i of 300 hundredths equals 75 hundredths = 
.76, Ans, 

To prove in another way the correctness of * this process, multiply both 
terms of the fraction by 100, and divide both terms by 4. Thus, f = i%% 
=■ T^y^ = .75. Hence the following 

RvLE.— Annex one or more ciphers to the 7iumerator, and 
divide by the denominator. Point off in the quotient as many 
decimal places as are equal to the number of ciphers annexed* 
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Notes. — 1. When an exact decimal cannot be obtained, the remainder 
may be written as a common fraction, or the sign + affixed, to show that 
the division does not terminate. 

2. A common fraction cannot be reduced to an exact equivalent deci- 
mal, if, when in its lowest terms, the denominator contains any other 
prime factor than 2 or 5, because no other number is a measure of 10 or 
any of its multiples. 

.Examples pob Pbactiob. 

1. Eeduce f to a decimal. Ans, 625. 

2. Keduce -^ to a decimaL 

3. Keduce -^ to a decimal. 

4. Kednce .25^ to an equivalent simple decimaL 

5. Beduce |54f to an equivalent mixed decimal. 

6. Reduce -^ to a decimal. 

7. Keduce -^ to a decimal correct to the fifth place. 

8. Can -^ be accurately expressed in decimals ? If not, re- 
duce it to thousandths, and express the remainder as a common 
fraction. 

9. Reduce the following fractions to decimals : m, -^, f J|, 
Tfy if 14' liioO' T6' 180 o> "go"' iitTfy TeVg? ~^ * Jq* 

ADDITION OF DECIMALS. 

148. Since decimals are expressed according to the same sys- 
tem of notation as integers, with respect to the law of local 
value, they may be added, subtracted, multiplied, and divided, 
in the same manner as integers. 

149. In Addition, it is necessary to observe that, as in whole 
numbers, only units of like orders can be added. Hence, units 
must be written under units, tenths under tenths, etc. We 
then add as in whole numbers, beginning with the lowest deci- 
mal order. ' 
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Example. Find the sunTof 3.75, 77.956, 40.04, and 56.1258. 



OPERATioir. Analtbib. — ^Writing the numbers so that the decimal 

3.75 points fall in the same yertical line, the figures of the 

78 956 different orders stand, respectively, in the same columns ; 

that is, units under units, tenths imder tenths, etc. Then, 

*^'^^ commencing at the right, we add as in simple numbers, 

56.1258 and place the decimal point in the result directly under the 

points in the numbera added. Hence the 

178.8718 

Rule. — I. Write the numbers so that the decimal points shaU 
stand in the same vertical line. 

II. Add as in whole numbers, and place the decimal point in 
the sum directly under the points in the numbers added. 



Examples fob Pbactiob. 

1. Add -63^, 1.37f, 2.1875, 38.005625, and 5.53^. 

OPERATION. 

.63^ = .633333^ 

1.37f = 1.3775 Note. — In a case like this, expand the 

2.1875 = 2.1875 decimals which terminate with common 

38.005625=38.005625 fractions, to as many places as that one 

5 531 _- 5.5333331. lias which contains the largest number. 

47.7372811 

2. Add 3.65, 42.475, 37.55, 18.09, and .76. 

3. Add 165.05, 326.75, 116.125, 300, and .5. 

4. Add .12i. 4.6|, 12.67^, and 9.75-jV. 

5. What is the sum of fifteen millions and ten, three thousand 
and six, one millionth, twenty, and five tenths? 

Ans. 15003036.500001. 

6. Find the sum of 175.50, $126.37^, 1150.621, $1850.05, and 
$195.46 ? 

7. What is the sum of one, one tenth, cne hundredth, one 
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khousandth, one ten thonsandth, and one one hundred thou- 
sandth? 

8. Find the sum of fj, m, and |f, in decimalB, correct to 
the fourth place. 



SUBTEAOTION OP DECIMALS. 

150. In Subtraction of Decimals, we have only to arrange 
the given numbers so that the figures of the subtrahend shall 
stand under those of the minuend of like orders, and then pro- 
ceed as in the subtraction of simple numbers. 

Example. From 2395.45 take 750.875. 

OPERATION. Analysis.— "We write the numbers so that the 

2395.45 decimal point of the subtrahend stands under that of 

750 875 *^® minuend. This brings units under units, tenths 

' under tenths, etc. We then subtract as in whole 

1644 595 Ans i^umbers, and place the decimal point in the re- 
mainder directly under the points in the given 
numbers. A cipher is supposed to occupy the place of thousandths in the 
minuend, which, if supplied, would reduce the fractions to the same de- 
nomination. Hence the 

EuLE. — ^I. Write the numbers so that the decimal points shall 
stand one under the other. 

IL Subtract as in whole numbers, and place the decimal point 
in the remainder directly under the points of the minuend and 
subtrahend. 

Examples foe Pbactiob. 

1. From 319.05 take 75.5, Ans. 243.55. 

2. From 2.95 take 1.8385. 

3. From 5675 take one-tenth. 

4. From one thousandth subtract one millionth. 

5. What is the difference between 7 and .00007 ? 

6. From fifty-three, and ninety thousandths, take ten, and 
three one-hunjlred-thousandths. 
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7. From 27.16 aci^s subtract 6.75 acres. 

8. From $150 take 11.50. 

9. From 1.8125 take .33^. 

10. From $1.12^ take $0.37i. 

11. Reduce ^^ and -^ to decimals, correct to the fourth 
place, and find the difference between them. • 

12. From one million take one-millionth. 
• '13. From .2645+ take .03752+. 

14. What is the difference between 13.475 and 10.125 ? 
15.^ From 1000 take .00001. 



MULTIPLICATION OF DECIMALS. 

151. Decimals are multiplied like integers ; but the location 
o\ the decimal point depends on principles which are illustrated 
bj the following examples. 

Example. 1. Multiply .25* by .5. 

OPERATION. Analysis.— First, multiplying as though both 

25 factors were whole numbers, we obtain the pro- 

^5 duct 125. But the multiplicand is twenty-five hun- 

dredtlui, and the multiplier five tent/i8^ and the 

.125 Ans. product of hundredths multiplied by tenths is 

thousandths ; for, riiy x tV = Woff ; and iftfc x nfty 
= "Aftfir = .125. Therefore, we must point off from the right three decimal 
places, or as many as there are in both factors. 

Example 2. Multiply .038 by .15. 

OPERATION. Analysis. —In this case there are not 

033 as many figures in the product as there 

^^5 are decimals in the factors ; therefore, two 

__«_ ciphers must be prefixed to supply the 

.00570 Ans deficiency. This gives the correct result ; 

ibr, tJJtf X iSftr = nfififtnj* Hence the fol- 



'"»wing 
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Rule. — Multiply as in 2ohole numberSy and point off fronx the 
right of tlie product as many figures for decimals as there are 
decimal places in both factors. If there be not so many in the 
product, supply the deficiency by prefixing ciphers. 

JS'oTE. — To multiply a decimal by 10, 100, 1000, etc., remove the decimal 
point as many places to the right as there are ciphers in the multiplier. 
When the number of figures in the multiplicand is less than the number 
of ciphers in the multiplier, annex ciphers to supply the deficiency. 
Thus, .25 X 10 = 2.5 ; .5 x 100 = 50. 



Examples for Practice, 

1. Multiply .475 by 1.35. 

2. Multiply 218,62 by 7.48. 

3. Multiply .08 by .001. 

• 4. Multiply 637.125 by 3.816. 
6. Multiply .31 by .200001. 

6. Multiply twenty-five ten-thousandths by two hundred and 
seventy-five, and fourteen one-hundredths. 

7. What is the product of 325.5 X 4.3 X .12^ ? 

8. What is the value of .25 of A? 

9. What is .01 of I? 

10. At |{0.87i P^^ pound, what will be the cost of .5 of a 
pound of tea ? 

11. Multiply 98.75 by 100. 

12. What will 142 yards of broadcloth cost at $5.62^ per 
yard? 

13. A man purchased a farm containing 342.5 acres, at 
$54.12^ per acre : how much did the farm cost him ? 

14 What is one tenth of four times three hundredths ?^^t 
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Find the value of the following : 

1. 287.7 X 1000 

2. 372 X .0001 

3. .9 X 10 
4 .9 X 1000 



5. 636.85 X 141.01 

6. 10001 X .100001 

7. 25 X .13^ 

3. 70000 X 70001.001 



DIVISION OF DECIMALS. 

152. We have seen that, if one decimal fraction be multiplied 
by another, the product will contain as many decimal places as 
there are in both factors. Now, since division is the reverse of 
multiplication, the dividend corresponding to the product, and 
the divisor and quotient to the factors, it is evident that the 
dividend must contain as many decimal places as the divisor 
and quotient together. Therefore, there must be as many 
decimal places in the quotient as the number in the dividend 
exceeds the number in the divisor. 

153. Three different cases occur, of which the following are 
examples : 

Case I. 

When the number of decimal places in the dividend exceeds 
the number in the divisor. 

Example. Divide 65.856 by 6.72. 

OPERATION. Analysis. — Dividing as in whole num- 

6.72)65.856(9.8, Ans. ^""^^ ^^ ^^^^'"^ ^^® quotient 98. But, the 

r04.ft dividend is 65856 thousandths, and the divi- 

sor 6?2 hundredths ; and, thousandths divided 

Koiya ' by hundredths gives a quotient in tenths ; 

^«^^ for ttjW -*- Tk = Tifinr x ^ = tV; and 

^^^^ ¥(W - m = ¥«w X m = n = 9.8. 

Therefore, we must point off one figure for 
a decimal, or as many as the number of decimal places in the dividend 
exceeds the number in the divisor. 

Case II. 

When the number of decimal places in the dividend equals 
the number in the divisor. 

Digitized by VjOOQIC 



DIVISION OF DECIMALS. 105 

Example. Divide 61.04 by 436. 

OPERATION. Analysis. — In this case the quotient is a 

4.36)61.04(14, A71S. wti<>le number, for one fraction is contained in 

AOQ another of the same denomination a whole 

number of times, if the dividend be greater 

1744 . tiian the divisor. Proof: ^Vift^ -i- H8 = ^Vifif 



1744 



xi^ = ^W = 14. 



Case III. 



When the number of decimal places in the dividend is less 
than the number in the divisor. 

Example. Divide 60.25 by 3.125. 

OPERATION. Analysis.— We first equalize the decimal 

3.125)56.250(18, Ans. P^*^®» ^^ *^^« divisor and dividend, by an- 

Q-* 25 nexing ciphers to the dividend, which does 

not alter its value. Then, performing the 

25Q()Q division, the quotient is a whole number, 

onr^OQ ^P^'^ ^® principle explained in the last ex- 
ample. Hence we derive the following 

Eule. — Divide as in simple numbers, and point off, from the 
right of the quotient, as many figures for decimals as the decimal 
places in the dividend exceed those in the divisor. 

Notes. — 1. Should the number of figures in the quotient be insufficient 
for the required number of decimal places, supply the deficiency by pre- 
fixing ciphers. 

2. When the divisor has the greater number of decimal places, annex 
as many ciphers to the dividend as will make its decimal places equal to 
those of the divisor. If then the dividend be greater than the divisor, the 
quotient will be a whole number, till after all the figures of the dividend 
shall have been used in the division. 

3. When the dividend is less than the divisor, ciphers must be annexed 
to the former, and the quotient will be entirely decimal. 

4. To continue the divisi(m when there is a remainder, annex ciphers, 
and consider them decimal places of the dividend. 

5. When the decimal is not exact, the sign + may be affixed to show 
that the division may be continued. 

6. A decimal may be divided by 10, 100, 1000, etc., by removing the 
decimal point as many places to the left as there are ciphers in the divisor. 

5* 
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Examples fob Pbactice. 

1. Divide .16 by .2. 

2. Divide 32.864 by .08. 

3. Divide .0Q075 by .016. . Ans. .06. 

4. Divide .005 by .000005. * 
- 6. Divide 9 by 1350, 

6. Divide 892.7 by 1000. Ans. .8927. 

7. Divide $400.50 by .5. 

8. Divide 1000 by .01. 
• 9. Divide 166 by 15.6. 

10. Divide 400 thousandths by 800 ten-thousandths. 

11. Find the quotient of 4 divided by 87, correct to the 
fourth decimal place. 

12. Express | of $1 decimally. 

13. How many times will .12 of 12 be contained in .24 of 72 ? 

14. At $1.25 per bushel, how many bushels of com can be 
bought for $1875? 

15. Divide 1000001 by 1.0000001. 

16. Divide 56 hy .008. 

17. Eeduce ift^ to a decimal. 

18. Divide | of .24 by r^ of .42. 

19. Divide .3^ by .2 correctly to the fifth quotient figure. 

20. Divide .0001 by 1000. 



21. Divide 13.5 by 100 

22. Divide .1 by 10 

23. Divide 4.06 by 1000 

24. Divide 218.6 by .1 

25. Divide 437.562 by 22.01 



26. Divide 89.6 by 10000 

27. Divide .0001 of 10 by .1 of 

1000 

28. Divide 10.0100 by 101.001 

29. Divide 4167^ 
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CIECULATING DECIMALS. 

151. A Circulating, or Repeating Decjfial, is a decimal 
in which a figure, or period of figures, is repeated contiDuallj to 
infinity; as, 333, etc.; 123123, etc. 

135. Circulating decimals arise from the reduction of com- 
mon fractious, when they cannot be accurately expressed in 
decimals. With the first, or after a certain number of divisions, 
a figure, or number of figures in regular rotation, will recur, or 
repeat; hence the name. 

156. The figure, or period repeated, is oalled a Repetend, and 
is marked by a point placed over' a single figure, or by points 
over the first and last figures of a period; thus, .333, etc., and 
.123123, etc., are written .3 and.i23. 

157. The reduction of any common fraction whose denom- 
inator, when in its lowest terftis, contains any other prime 
factors than 2 or 5, will produce a repeating decimal ; for, an- 
nexing a cipher to the numerator multiplies it by 10, and neither 
10, nor any of its multiples, is divisible by an^ other prime 
number, without a remainder. 

158. If decimal figures precede the repetend, they are called 
the^mVe pari? of the decimal. 

159. When a decimal begins with a repetend, it is called a 
Pure Circulating Decimal ; as, 4, 72. When it consists of & 
finite part, followed by a repetend, it is called a Mixed Circu- 
lating Decimal ; as, .26, .083. 



KEDUOTION OF CIECULATING DECIMALS TO 
COMMON FRACTIONS. 

160. It has been found that every repetend is equal to a com- 
mon fraction whose numerator consists of the figure or figures 
of the-repetend, and whose denominator is as many 9's as there 
axe places in the repetend. ^^^ ,,GoogIe 
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The numerical value of a fraction thus derived depends on 
the local value of the repeating figures or period. Thus, .4 = ^ ; 

but .16 = -jio- + iftr = A + W = W = i- The repetend com- 
mences in the place of hundredths, and its value is -jV of |- = •^. 
Hence, for every figure, or place of a finite decimal, a cipher 
must be annexed to the 9's in the denominator. 

Example 1. Eeduce .36 to a common fraction. 

OPERATION. • 

.36 = ff = if. Ans. if- 

ALGEBRAICAL SOLUTION. 

Let d = 36 Put d for decimal and form an equation. 
100 d = 36.36 Multiply both members of the equation by 100. 
t^ = ,36 Subtract the first equation. 



99 d = 36 Divide both members of the equation by 99. 

^ z= If Hence the d^imal .36 = ft = if. 

Example 2. Eeduce .578 to a common fraction. 

OPERATION. 

Or,.578 = .57f = ^ = ffi. 

Or, 578, the given decimal taken as a whole number. 
57, finite part subtracted. 

621, the required numerator. 

900, the proper denominator written underneath. 

Analysis. — We first write the finite part r*nd the repetend separately, 
as common fractions, and then add them. As explained before, the repe- 
tend is not I but j of yio = sIq- This, is also shown in the second solu- 
tion. 

The third, or abbreviated method, is derived from the mode of reducing 
the fiactions to a common denomination. We multiply both terms of 57 
by 9 ; but multiplying by 10, and subtracting the multiplicand is equivalent 
to multiplying by 9. Therefore, 57 x 9 = 570 - 57; and 570 - 57 + 8 = 
578 — 57 =521, the requii-ed numerator. 
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ALOEBBAICAL SOLUTION. 



Let ^ = .578 
1000 d = 578.8 Multiply both members by 1000. 
100 ^ = 57.8 Multiply both members by 100, and subtract 



900 d = 521 Divide both members by 900. 

d= \\^ Hence, .578 = fH- 

Hence, to reduce a circulating decimal to a 
common fraction, we have the following 

KuLE. — I. If the decimal he ajpure circulating decimal^ write 
the figures of the repetend, with the points and decimal sign 
omitted, for the numerator, and as many 9's as there are places 
in the repetend,for the denominator. 

II. If the decimal be a mixed circulating decimal, subtract the 
finite part from the whole decimal, treating both as whole num- 
bers. The remainder will be the required numerator. For the 
denominator, write as many 9'5 as there are figures in the repe- 
tend, with as many ciphers annexed as there are places in the 
finite part. 

Examples for Practice. 

1. Eeduce .045 to a common fraction. 

2. Eeduce .083 to a common fraction. 

3. Reduce .634 to a common fraction. 

4. Reduce 2.564 to a mixed number in common fractions. 

5. Reduce .7862 to a common fraction. 

6. What is the value of .026 X f? 

7. Find the value of 241.723. : 

Note. — Circulating decimals admit uf changes in form and character, 
without altering their value. They may be expanded : thus, .45 = .454545 ; 
and .824 = .324324. So the points may be removed to the right: thus, 
.824 = .32432432 ; or, .3248. Hence, dissimilar decimals may be made 
similar and conterminous, so that they may be added and subtracted. 
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without reduction to common fraction^. Yet as this branch of the subjec t 
is of very little importance, the process being seldom used, a discussion of 
it here is omitted. Therefore, to add, subtract, multiply, or divide circu- 
lating decimals, reduce tJiem to common fractions^ and then peTfarm the 
i^equired operation. 



MO]^EY AJSJ) OUEEEI^OT. 

161. Money is the medium of exchange used by individuals 
and nations in transferring property from one to another, and 
passes as an equivalent or artificial measure of its value. 

162. Money is known, commercially, as Oash^ Specie^ Cur- 
rency, Bullion, etc. 

163. Cash is a general term applied to money as a circulat- 
ing medium. 

161. Specie is coin. 

165. Currency is a term applied to all kinds of money, both 
coin and paper, which constitute the circulating medium of a 
country.^ In a limited commercial sense, it means paper money 
only. 

166. Paper Money consists of bills or notes issued by 
banks and the Government, as substitutes or representatives of 
coin. 

167. Bullion is gold or silver in bars, or ingots, or in the 
mass. 

168. The expression Money of Account denQt^s the denomina- 
tions of money in which accounts are kept in different countries- 
These denominations correspond with certain denominations of 
the current money — usually that which is taken as the unit and 
its sutf&i visions; as, in th a United States, dollars and cents; 
and, in England, pounds, shillings, and pehce. 

Coins. 

169. Ooins are pieces of metal (generally gold, silver, or copper, in 
combination with some alloy) impressed or stamped wi&« devices and 
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figures, by authority of the govemment, to give them legal and fixed 
yalues as current money. 

In comparison with our own standards, foreign coin may be said to 
have four values, viz. : — 

Ist. The Intrinsic Value, which is the value of the pure metal it con- 
tains. 

2d. The Legal Value, which is the value fixed by law, to be allowed 
for it in the payment of duties, and all other business transactions with 
the government 

3d. The Oommercial or Market Value, which is the price it com- 
mands when offered for sale or exchange, or in payment for goods. 

4th. The Exchange Value, which is the value at which it is reckoned 
in the purchase and sale of bills of exchange. 

170. For foreign silver coins there is no fixed legal valuation, the law 
providing for the changing of the price, according to the condition of 
demand and supply. The present price of standard silver is 122| cents 
per ounce. « 

171. The Coins of the United States are a legal tender in any pay- 
ment, according to their nominal value, as folloTS : 

GMd Coim, for any amount 

SUver (MnSy except three-cent pieces, for any amount not exceeding five 

. dollars. 
Three-cent pieces^ Silver, to the amount of thirty cents. 
7%ree-cerU pieces, Nickel, to the amount of sixty cents. 
Five-^nt pieces. Nickel, to the amount of one dollar. 
One and two-cent pieces, to the amount of four cents. 



Tables of Foreign and United States Coins. 

172. The following Tables were prepared by the Director of the United 
States Mint at Philadelphia, and accompany the United States Treasurer's 
BepSrt on Finance for 1866, and may, therefore, be regarded as reliable. 

Explanations. — Only the principal denominations of Foreign Coins 
are given, except when the sizes are not proportional ; and in that case the 
deviation is slated. 

The weight of each piece is expressed in the decimal of a Troy ounce ; 
the fineness in thousands, or the number of parts of pure gold in one thou- 
sand parts of the coin. 

In the fifth column is shown the value as compared with the amount 
of fine gold in our coins or the value for any other puipose than recoinage. 

The sixth column gives the value in exchange for our coins at the Mint, 
after the uniform deduction of one-half of one per cent 
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FOREIGN GOLD COINS. 



Anstralia 

do 

Anc^tris 

do 

do 

Belgiam 

Bolivia 

Brazil 

Central America 

do do . . 

Chill 

do 

Denmark 

Ecuador 

England 

do 

France 

do 

Germany, North. 

do do . 

do do . 

Germany, Soath. 

Greece 

Hindostan 

Italy 

Japan 

Mexico 

do 

Naples 

Netherlands 

New Grenada... 

do do 

do do ... 
Peru 

do 

Portq^l 

Pruesia 

Rome 

Russia 

Spain 

do 

Sweden 

Tunis 

Turkey 

Tuscany 



DXNOXINATION. 



Pound of1852 

Sovereign of 1855-liO 

Ducat 

Souverain 

New Union crown (assumed), 

T wenty-flve fhince 

Doubloon 

Twenty mllreis .*. . . 

Two escudos 

Four reals 

Old doubloon 

Ten pesos 

Ten thaler ^ . 

Four escudos 

Pound or sovereigi^, new 

Pound or sovereign, ayerage. 

Twenty francs, new 

Twenty Anncs, average 

Ten thaler 

Ten thaler, Prussian 

Krone (crown) 

Ducat 

Twenty drachms 

Mohur ^ 

Twenty lire 

Old Cobang 

New Cobang 

Doubloon, average 

Doubloon, new 

Six dncati, new 

Ten guilders 

Old doubloon, Bogota 

Old doubloon, Popayan 

Ten pesos, new 

Old doubloon 

Twenty soles 

Gold crown 

New Union crown (assumed). 
Two-and-a-half scudi, new. . . 

Five roubles 

One hundred reals 

Eighty reals 

Ducat 

Twenty-five piastres 

One hundred piastres. 

Sequin 



Oz. Dee. 

0.S81 

0.256.6 

0.112 

0.363 

0.a57 

0.254 

0.867 

0.575 

U.209 

0.027 

0.867 

0.492 

0.427 

0.433 

0.256.7 

0.958.2 

0.207.5 

0.207 

0.427 

0.427 

0.857 

0.112 

0.185 

0.374 

0.207 

0.362 

0.289 

0.867.5 

0.867.5 

0.245 

0.215 

0.868 

0.867 

0.525 

0.867 

l.fttt 

0.308 

0.357 

0.140 

0.210 

0.26S 

0.215 

0.111 

0.161 

0.231 

0.11« 



FINB- 




NK88. 


YALUX. 


Thnus 




916.5 


$6.32 87 


916 


4.85.68 


986 


2.28.28 


900 


6.75.35 


900 


6.64.19 


^99 


4.72.03 


870 


15.59.25 


917.5 


10.90.57 


853.5 


3.86 75 


875 


0.48.8 


870 


15.59.26 


900 


9 15.35 


895 


7.90.01 


844 


7.65.46 


916.5 


4.86.34 


916 


4.84.92 


899.6 


8.85.83 


899 


8.84.69 


895 


7.90.01 


903 


9.97.07 


900 


6.64.20 


986 


2.28.28 


900 


3.44.19 


916 


7.08.18 


898 


3.84.26 


668 


4.44.0 


57a 


3.57.6 


866 


15.52.98 


870.6 


15.61.05 


996 


5.04.43 


899 


8.99..'56 


870 


16.61.06 


868 


16.37.75 


891.5 


9.67.51 


868 


15.56.67 


898 


19.21.8 


912 


6.80.66 


900 


0.64.19 


900 


2.60.47 


916 


3.97.61 


896 


4.96.39 


869.6 


3.86.44 


975 


2.23.72 


900 


2.99.54 


916 


4.86.9:i 


999 


2.31.29 



YALVB 

AFTSR 

DEDUC'N. 



Price paid 

at Mint. 
$5.29.71 
4.83.16 
2.27.04 
6.71.98 
6.60.87 
4.69.67 
16 51.46 
10.85.12 
3.66.91 
0.48.6 
15.61.47 
9.10.78 
7.86.06 
7.51.69 
4.83.91 
4.82.50 
8.83.91 
3.82.77 
7.86.06 
7.93.09 
6.(i0.88 
2. 27.14 
3.42.47 
7.04.64 
3.82.34 
4.41.8 
3.55.8 
16.45.22 
15.5:^.25 
5.01.91 
3.97.57 
15.53.26 
15.30.07 
9.62.68 
15.47.90 
19.12.2 
6.77.76 
6.60.87 
2 59.17 
3.95.66 
4.93.91 
3.84.51 
2.22.61 
2.9S.05 
4.34.75 
2.30.14 



WEIGHT AND VALUE OF UNITED STATES GOLD COINS. 



United States. 



DENOMINATION. 



Dollar (legal) . 
Quarter eagle. 
Three dollar. . 

Half eagle 

Eagle 

Double eagle . 



WEIGHT. 


PINE- 
NESS. 


VALUli. 


WEIOHT 

IN 
GRAINS. 


Oz. Dec 


ThOHt. 






053.75 


900 


$1.00 


25.8 


0.134.37 


900 


2.50 


64.6 


0.161.25 


900 


8.00 


77.4 


0.268.76 


900 


5.00 


129 


0.537.6 


900 


10.00 


268 


1.075 


900 


«0^- 


6W 
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FOREIGN SILVER COINS. 



Austria 

do 

do 

do 

do 

do , 

Belsriam , 

Bolivia 

do . 

Brazil , 

Canada , 

Central America 

Chili 

do 

Denmark 

England 

France 

Germany, North 

do do 

Germany, South 

do do 

Hindostan , 

Japan 

Mexico 

do 

Naples , 

Netherlands , 

Norway 

New Granada^. 
Peru :^. 

do 

do 

Prussia , 

do 

Rome 

Russia 

Sardinia 

Spain 

Sweden. 

Switzerland 

Tunis 

Turkey 

Tuscany , 



DSNOMDrATION. 



Old rix dollar 

Old scudo 

Florin, before less , 

New florin , 

New Union dollar 

Maria Theresa dollar, 1780 

Five A^ncs 

New doHar , . . 

Half dollar 

Double milreis 

Twenty cents 

Dollar 

Old dollar 

New dollar 

Two rigedaler. . . 

Shilling, new 

Shilling, average 

Five franc, average 

Thaler, before 1867 

New thaler 

.Florin, before 1857 , 

Five draehms 

Rupee 

Itzebn , 

New itzebu 

Dollar, new 

Dollar, average 

Scudo 

Two-and-a-half guild 

Specie daler 

DoUarofl867 

Old dollar 

Dollar of 1858 

Half dollar. 1835-88 

Thaler, before 1867 

New thaler 

Scudo 

Rouble 

Five lire 

New ^stareen 

Rix dollar 

Two francs 

Five piastres 

Twenty piastres 

Florin 



WEIGHT. 


JTNK- 

NSS8. 


YALUE. 


Oz Dee 


Thoua. 




0.002 


833 


$1.02.27 


0.836 


902 


1.02.64 


0.451 


833 


.61.14 


0.S97 


900 


.48.63 


0.596 


900 


.78.01 


0.895 


838 


1.02.12 


0.803 


897 


.98.04 


0.643 


908.6 


.79.07 


0.432 


(M)7 


.39.22 


0.820 


918.5 


1.02. 5S 


0.150 


925 


.18.87 


0.866 


860 


1.00.19 


0.864 


908 


1.06.79 


0.801 


900.5 


.98.17 


0.9-27 


877 


1.10.65 


0.182.5 


924.6 


.22.96 


0.178 


925 


.22.41 


0.800 


900 


.98.00 


0.712 


760 


.72.67 


0.595 


900 


.72.89 


0.340 


900 


.41.65 


0.719 


900 


.88.08 


0.874 


916 


.46.62 


0.279 


991 


.87.63 


0.279 


890 


.33.80 


0.867.5 


903 


1.06.62 


0.866 


901 


1.06.20 


0.844 


830 


.95 34 


0.804 


944 


1.03.81 


0.927 


877 


1.10.65 


0.803 


896 


.97.92 


0.866 


901 


1.06.20 


0.766 


909 


.94.77 


0.433 


650 


.38.31 


0.712 


760 


.72.68 


0.595 


900 


.72.89 


0.864 


900 


1.05.84 


0.667 


875 


.79.44 


0.800 


900 


.98.00 


0.166 


809 


.20.31 


1.092 


750 


1.11.48 


0.823 


899 


.39.52 


0.511 


898.6 


.62.49 


0.770 


8:^0 


.86.98 


0.220 


925 


.27.60 



WEIGHT AND VALtTE OF UNITED STATES SILVER COINS. 



United States.... 



DENOMINATION. 



Dollar (legal). 
Half dollar.... 

Suarter dollar 
ime 

Half dime.... 
Three cent. . . . 



Ox. Dec. 

0.859.875 

0.400 

0.200 

0.080 

0.040 

0.024 



riNB- 

NBS8. 



Thout. 
900 
900 
900 
900 
900 
900 



WEIGHT 

IN 
GRAINS. 



412.6 

192 
96 
88.4 
19.2 
11.62 
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UNITED STATES MONEY. 

173. The Iiegal Standard Currency of the United States, 
otherwise called Federal Money, consists of a decimal coinage, 
the dollar being the unit. 

Government notes, known as legal tender notes and "green- 
backs," may also be considered legal currency, but must be 
distinguished from the standard money. 

174. The coins are as follows: 



GOLD 




SDCiYER 




Double Eagle = 


20 dollars 


Dollar 


= 


100 cents 


Eagle = 


10 dollars 


Half Dollar 


= 


50 cents 


Half Eagle = 


5 dollars 


Quarter Dollar 


= 


25 cents 


Quarter Eagle = 


2i dollars 


Dime 


= 


10 cents 


Three Dollar Piece = 


8 dollars 


Half Dime 


= 


Scents 


One Dollar Piece = 


1 dollar 


Three Cent Piece 


= 


8 cents 


NICKEL 




COPPER 




Half Dime = 


5 cents 


Two Cent Piece 


= 


2 cents 


Three Cent Piece = 


Scents 


One Cent Piece 


=^ 


^ 1 cent 



Notes. — 1. Gold 50 dollar pieces (octagonal) were issued by the United 
States Assay Office in California, previous to the establishment of the 
Branch Mint at San Francisco ; and, also, i and ^ dollar gold pieces, by 
Moflfat & Co., all of which are of the standard value, but they are not legal 
coins. 

2. In addition to these there are in circulation 6, 2i, and 1 dollar gold 
pieces, issued by the Private Mints of Carolina and Georgia, which are 
worth about 5 per cent, less than the value expressed on their face. 

8. The Mormons, in Utah, have also coined 20, 10, 5, and 2^- dollar gold 
pieces ; but they are very deficient both in weight and fineness, and are 
not, of course, legal. 

175. Table of United States Money. 

10 Mills make 1 Cent 
1 Dime 



10 Cents 
10 Dimes 
10 Dollars 
20 Dollars 



1 Dollar 
1 Eagle 
1 Double Eagle 
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The only, denominations used in practice are dollars^ cents, 
and milh. Hence, 

176. The system of Notation and Numebation corresponds 
with that of Decimal Tractions. Dollars, or units, are written 
as integers at the left of the decimal point, and cents and mills, 
or hundredths and thousandths of a dollar, as decimals, at the 
right. 

177. The character t, called the dollar mark, denotes dollars, 
or United States Money, and is placed before the number. 

178- To express cents or mills only, a cipher is generally 
written between the symbol, I, and the decimal point, and the 
proper decimal after it. To express any number of cents less 
than 10, a cipher must be placed between the figure and the 
decimal point, for cents are hundredths of a dollar. Thus, 

1 mill is written *0.001. 

1 cent is written 10.01. 

1 dime, or ten cents, is written 10.10. 

1 dollar is written $1. 

1 dollar and twenty-five cents is written 11.25. 

Nt)TB.^In business, cents are frequently expressed by common frac- 
tious, particularly in the bodies of notes and drafts. 

179. Examples fob Pbactioe. 

1. Write twelve dollars, fifteen cents. 

2. Write five dollars, five cents. 

3. Write thirty-seven dollars, ten cents. 

4. Write four dollars, nine cents. 

5. Write five mills. 

6. Write three hundred and fifty-five cents. 

7. Write nine dollars, eight cents, and five mills. 

8. Write two thousand mills.^ 

9. Bead $100.25, $75,375, $0,015, $18,003. r^^^^T^ 
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Eeduction; 

180. $1 = 100 cents = 1000 mills; therefore, 

1. To reduce dollars to cents, annex two ciphers ; to mills, 
three ciphers ; cents to mills, one cipher. 

2, To reduce cents to dollars, point off two figures from the 
right ; mills to dollars, three figures j and mills to cents, one 
figure. 

' Note. — The first rule must, of course, be understood with reference to 
an entire change of the expression ; for, |1 with two ciphera annexed 
would be $100, one hundred dollars ; and with a decimal point and two 
ciphers following, it would still express one dollar, and not one hundred 
cents. 

Opeeations in^ Ukited States Mokey. 

181. Since Federal Money is a decimal currency, it may be 
added, subtracted, multiplied, and divided in the same manner 
as decimals. 

Examples for Practice. 

1. What is the sum of $132.37, $275.86, $1000, $0.75, and 
$9.09 ? 

2. From $436.75 take $203.35. 

3. Multiply $37.50 by 16^. 

4. Add together fifty-seren dollars, eighteen dollars and sixty 
cents, and forty-five dollars and twenty-five cents. 

5. Find the difference between one hundred doUar^and eleven 
dollars and eleven cents. 

6. A farmer sold 10 doz. eggs, at 26 cents per doz., 36 lbs. of 
poultry, at 18 cents per lb., and 45 lbs. of butter, at 35i- cents 
per lb. : what did the whole amount to ? 

7. If -| of a cord of wood cost $5.50, what is the price per 
cord? 

8. A man sold a horse for $175, which was $35 more than ho 
paid for him: what did the horse cost him ? ^ , 
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9. What will 37i^ hundredths of a ton of coal cost, at 17.50 per 
ton? 

10. A man sold 50 bushels of com, at $1,371 P®^ bushel, and 
received in payment 4 yards of broad-cloth, at $4^ per yard, 
10 lbs. of coflEee, at 31 cents per lb., and the balance in cash : how 
much cash did he receive ? 

11. If i of .5 of a ton of hay is worth *5|, what is J of .125 
of a ton worth at the same rate ? ^ 

Note — In business calculations, mills in a final result are disregarded 
when less than 5, but are usually called a cent when 5 or more than 5. 

12. How many yards of cloth, at $3.50 per yard, can be pur- 
chased for $31.50 ? 

13. A speculator bought two pieces of land^ one containing 
275^ acres, at $52.50 per acre, and the other containing 140i 
acres, at $37.50 per acre, and sold the whole at a profit of 
$1258.12^^ : at what price per acre did he sell it ? 

Aliquot Parts. 

182. An Aliquot Part of a number is any fractional part 
of it which can be expressed by a simple fraction whose 
numerator is 1; as, i, ^, {-, -J-, ^, etc. Thus, 2, 2^, 3^, and 6 
are aliquot parts of 10. So 12ij^, 16-|, 25, etc., are aliquot parts 
of 100. 

The following are some of the aliquot parts of a dollar: 



60 cents = ^ of $1 

33^ cents == ^ of $1 

25 cents := | of $1 

20 cents = -^ of $1 



16f cents = ^ of $1 

12i cents = -^ of $1 

6^ cents = ^ of $1 

5 cents = ^ of $1 



When the price of an article is an aliquot part of a dollar, 
and the cost of a quantity is reauired, the operatkoi may be 
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shortened by using the fraction which denotes the aliqnot part 
as a multiplier. 

Example. What is the cost of 48 yards of print, at 12j^ cents 
per yard ? 

SOLUTION. Analysis.— Shice the price of 1 yard is i of $1, the 

8)48 cost will be i as many dollars as there are yards. 

Hence the 
6y Ans. 16. 

EuLB. — Take such part of the number ofarticleSy or quantity^ 
as the price is of$l, and the result will be the cost in dollars, 

183. When any aliquot part of a dollar occurs as a divisor, 
reverse this process : 

EuLE. — To divide by an aliquot part of a dollar, divide by the 
fraction which expresses the part. 

Example. How many pounds of sugar, at 16f cents per pound, 
can be bought for $13 ? 

OPERATION. 

13 Analysis. — Since the price is ^ of a dollar per lb., 

6 $1 will buy 6 lbs., and $13 dollars will buy 6 times 

— 13 lbs., or 13 H- i = 13 X 6 = 98. 
98 lbs., A7M. 

Examples for Practice. 

1. Find the cost of 75 lbs. of dried apples, at 16|- cents per lb. 

2. How many doz. oranges, at 25 cents per doz., can be bought 
for $5. 

3. What is the cost of 27 yards of cambric, at 33^ cents per 
yard ? 

4. How many pounds of coffee, at 33^ cents per pound, can be 
bought for $14.50? 

184. To find the cost of articles sold by the hundred 
or thousand. ^ 
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Example. Eequired the cost of 762 feet of pine boards, at $35 
per M. 

OPERATION. Analysis.— At $35 per foot the cost would be 

762 "^^^ X 35 = 26670 dollars ; but this result is 1000 

Qg times too great,' because the price is $35 per thousand 

feet; therefore we divide 26670 by 1000 by pointing 



$26,670 Ans. ^^ three figures at the right. 

Note.— When the price is given by the hundred, point off two figures 
for decimals. Hence the 

BuLE. — Multiply the quantity iy the pricey and divide by 100 
or 1000, as the case iiiay require. 

Examples. 

1. What is the cost of 25 thousand envelopes, at $2.50 per M. ? 

2. Find the value of 1786 feet of square timber, at $35 per M. 

3. What is the cost of 2684 bricks, at $8.50 per M? 

185. To find the cost of articles sold by the ton of 2000 
pounds. 

Example. What is the cost of 1450 pounds of coal, at $8 per 
ton? 

SOLUTION. Analysis.— Since $8 is the price of 2000 

1450 or 725 lbs., we may take one-half of $8 as the 

4 8 price of 1000 lbs., and then proceed ac- 

cording to the previous rule ; or when it 

$5,800, Ans* $5,800 is more convenient we may take one-half 
the quantity, multiply it by the whole 
price, and point off three figures for decimals. Hence the 

Rule. — Multiply the quantity in pounds by half the price, or 
half the quajitify by the price, and divide by 1000. 

Examples. 

1. Required the cost of 2860 lbs. of hay, at $20 per ton. 

2. What is the freight of 6275 pounds of iron, at $1.50 per 
ton? 
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COMPOUND NUMBEES. 

186. An Abstract Number is a number nsed without 
reference to a particular object ; as, 5, 7. 

187. A Concrete, or Denominate Number, is a number 
associated with, or applied to, a particular object or quantity ; 
as, 5 dollars, 7 days, 3 yards. 

188. A Compound Number is a number composed of con- 
crete numbers of different denominations, according to a varying 
scale of units ; as, 2 tons, 3 cwt., 1 qr. • 

189. A Unit of Measure is the fundamental unit adopted 
in any system of weights and measures, money, etc., by which 
its several denominations are regulated, and which is itself 
defined by comparison with some known, or assumed standard; 
^s, the dollar, the yard, the gallon, the metre. 



WEIGHTS AND MEASUEES. 

190. Measure is a standard of dimension, or that by which 
extent, capacity, or amount is ascertained. 

The different kinds of quantity to which measures are applied 
are as follows : — 

1. Lines, or Lengths ; 4 Weights, or Force of Gravity ; 

2. Surfaces, or Areas ; 5. Angles ; 

8. Solidities, or Volumes ; 6. Time, or Duration ; 

7. Values, of which Money is the artificial measure. 

There are also intensities, or forces ; but, as these are mea- 
sured by weights or lengths, they are included in the above 
classification. ^ 
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Origin of Standabds. 

191. In order to define and express the measure of a quantity of any 
kind, we must first find in nature, or assume arbitrarily, some standard 
with which it may be compared. 

Absolutely inyariable standards have, however, never yet been, and in 
the nature of things cannot be, attained ; while to secure measures of the 
utmost exactness, the least degree of variability, and capable of being 
reproduced, if lost or destroyed, is a problem upon which a vast amount 
of scientific research, ingenuity, and labor have been expended. 

Among the earlier measures of length of various nations were such »s 
the finger's length, the digit (or finger's breadth), the palm, the span, the 
cubit (length of the fbrearm), the nail, the orgyta (stretch of the arms), the 
foot, pace, eto., whose origin, as indicated by their names, is supposed to 
have been the application of parts of the human body to define extension. 
The ** grain" occurring in Troy Weight, the "barleycorn" in Long 
Measure, show what were the original, or " natural" units resorted to in 
forming these measures. 

In the progress of men's minds toward exactness of conception and 
reasoning, these extremely variable and indefinite measures became, to a 
certain degree, fixed and established by conventional or arbitrary stand- 
ards. This stage was doubtless reached by 'the Greeks and Romans, and, 
at an early period, by the English. 

In England, whose system of weights and measures was early adopted 
by the United States, the' first important step toward establishing definite 
and national standards was taken in the years 1736 and 1742, when experi- 
ments were made, under the auspices of the Royal Society, with the pen- 
dulum, with a view of deriving from the operation of an unchangeable law 
of nature, X\ie force cf gravity^ an invarioNe standard of length. 

These experiments were conducted by George Graham, who determined 
the length of a pendulum vibrating seconds of mean time, in the latitude 
of London, at the temperature of 62° F., in a vacuum, at the level of the 
sea, to be in the then known units of measure, 39.13 English inches. 
From this measurement he constructed a standard yard of 86 inches, of 
which, under the direction of the House of Commons, Mr. Bird prepared 
two accurate copies, respectively mariced Standard Yard of ** 1758," and 
" 1760." He also carefully determined and prepared the Troy pound, the 
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original of that now used. Though these standards were afterward 
destroyed by the burning of the Parliament Houses, they were restored 
from copies, and are, without any intentional change, still in use in England 
and the United States. 

Subsequent to this period, the French, philosophers of the time of the 
revolution sought also for an iwcariaMe natural standard, on which to 
found a system of weights and measures. They selected a quadrant of 
the earth's meridian, or the distance from the equator to the pole, which 
was computed from a very minute survey of an arc of the meridian 
between Dunkirk and Barcelona. A ten-millionth part of this was taken 
as the fundamental unit of length, and was called the metre. The metre 
is equal to 39.37079 English inches, and is, therefore, very nearly the same 
as the length of the pendulum found in the manner above described. The 
system founded on this basis is called the metric system, and was first pro- 
mulgated in 1799, and finally adopted, or made compulsory, in 1837. 

The efforts of the French called attention in England to the desirable- 
ness of having standards commensurable with a natural unit ; and, from 
investigations already made, the seconds pendulum was believed to afford 
the best and most tangible basis. This standard was, therefore, selected ; 
but, before its final adoption, further experiments were made which re- 
sulted in the discovery of some slight erroi*s in the work of Mr. Graham, 
or at least in defining the length of the pendulum more accurately than 
he had done, for it was declared to be 39.1393 inches instead of 39.13, 
as determined by him. Reports to the House of Commons,, based on 
these experiments and comparisons made in 1816, 1818, and 1820, led to 
the adoption of the Imperial Measures and Standards^ under the Act of 
Parliament, 5 George IV., which was passed in 1824, and toQk effect Jan- 
uary Ist, 1826. This Act adopted the Standard Yard of 1760, and also the 
Troy pound of 1758, but introduced changes in the measures of capacity, — 
the gallon and bushel. With reference to linear measure, it prescribed the 
following rule : — " Take a pendulum which will vibrate seconds in Lon- 
don, on a level of the sea, in a vacuum, at a temperature of 62** F. ; divide 
all that part thereof which lies between the axis of suspension and the 
centre of oscillation, into 391393 equal parts; then will 10000 of these 
parts be an imperial inch, 12 whereof make a foot, and 36 whereof make 
a yard.'* 

Previous to the passage of this Act, the " Bird Standards" and the former 
English Standards of Dry and Liquid Measures had become established 
in the United States, and have since been legalized by Act of Congress, 
The only difference, therefore, between our own and the " Imperial Sys- 
tem," is to be found in the standards for Liquid and Diy Measures, as here- 
after explained. 
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UNITED STATES STANDARDS. 

192. The TTnited States Standards of Weights and Measures, 
originally taken from the English System, were finally estab- 
lished by Act of Congress in the year 1834. 

193. The fundamental units are : — 

1. The Yard= 3 feet = 36 inches. 

2. The Troy Pound = 12 oz. = 240 pwt. = 5760 grs. 

3. The Gallon = 231 cubic inches. 

4. The Bushel = 2150.42 cubic inches. 

194. The National Standard of Length is the Yard, as marked 
upon a brass scale 82 inches long, prepared by Troughton of • 
London, and which is deposited in the Treasury Department at 
Washington. It is the same as the Imperial yard, or jgjyg of 
the pendulum rod beating seconds at London. 

195. The Standard of Weight is the Troy Pounds procured 
by the American Minister at London in 1827, and is a copy of 

.the English standard pound of 1758. It was determined, ac- 
cording to the Act of George IV, as follows : — A cubic inch of 
distilled water, weighed in air by brass weights, at 62° F., the 
barometer being at 30 inches, is equal to 252.458 grains, of 
which the standard Troy pound contains 5760. This standard 
is kept at the TTnited States Mint at Philadelphia. 

196. The Avoirdupois Pound is 7000 grains Troy. 

197. The Units of Capacity are the gallon for Liquid, and the 
bushel for Dry Measure. 

198. The Gallon is the capacity of a vessel containing 58372.2 
grains Troy of the standard pound, of distilled water, at its 
maximum density (40® F.), weighed in air of the temperature 
of 62**, under a barometric pressure of 30 inches, and is thus a 
small fraction over 231 cubic inches. The weight expressed in 
pounds, is 8.3388+ pounds Avoirdupois, or 10.134-1- pounds 
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This is the old English, or Winchester Wine Oatton (so called 
because its standard was long preserved at Winchester), and is 
.83388+ of the Imperial; or 6 of the former very nearly equal 
5 of the latter. 

IM. The Bushel is the capacity of a measure containing 
543391.89 standard grains Troy (= 94,339- lbs. Troy, or 
77.6274+ lbs. Avoirdupois) of distilled water, under the same 
conditions as those just named, which is equal to 2152.405 + 
cubic inches. But the nearest practical representative of this 
measure is a cylinder 18^ inches in diameter and 8 inches 
deep, containing 2150.42 cubic inches, which is consequently 
taken as the true standard. 

This is the Winchester Bushel, and is .9696262+ of the Im- 
perial; so that 33 United States Bushels are about equal to 32 
Imperial Bushels. 

ENGLISH STANDARDS. 

200. The English Linear, Square, and Cubic Measures, and 
Troy and Avoirdupois Weights, are the same as those of the 
United States. 

201. The Standard for Measures of Capacity, whether Dry or 
Liquid, is the Gallon, containing 10 pounds Avoirdupoife (70000 
grains Troy) of distilled water, weighed in air, at 62° P., barom- 
eter showing 30 inches, which is equal to 277.274 cubic inches. 

202. The Imperial Bushel contains 8 gallons. 

203. From a comparison of the English and United States Standards, 
we derive the following : 

Rule. — I. To reduce Imperial Gallons to Unified States Gallons, divids 
hy .83388 ; and to reduce Imperial Bushels to United States Bushels, divide 



II. To reduce United States Gallons and Bushels to Imperial, mvUiply 
by these numberB. 

204. Denominations, etc. — The denominations and values of the 
measures of length, surface, and solidity, are the same as-41iose of the 
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United States. The same is trde of the yarions systems of weight The 
units of Liquid and Diy Measure differ from those of the United States, 
and also some of the denominations, as shown in the following Tables. 

WnsTB Measure. 



4 gUls 


= 


Ipint 


2 pints 


= 


1 quart 


4 quarts 


= 


1 gallon. 


86 gallons 


~" ■ 


1 tieice. 


li tierces 




1 hogshead. 


2 hogsheads 


= 


1 pipe, butt, or puncheon. 


Beer Measitbs. 


4gills 


= 


1 pint 


2 pmts 


= 


1 quart 


4 quarts 


= 


1 gallon. 


9 gallons 


= 


1 firkin. 


2 firkins 


= 


1 kilderkin. 


8 kilderkins 


= 


1 hogshead. 


2 hogsheads 


= 


1 butt 


2 butts 


z= 


1 tun. 


Dry MEASURk 


4 gills 


= 


1 pint 


2 pints 


= 


1 quart 


4 quarts 


= 


1 gallon. 


9 gallons 


= 


1 peck. 


4 pecks 


= 


1 bushel. 


4 bushels 


=r 


1 coomb. 


2 coombs 


= 


1 quarter. 


6 quarters 


= 


1 wey. 


2 weys 


= 


1 last 



The pottle is i a gallon ; the strike 2 bushels. The hogshead, pipe, and 
puncheon differ also in the case of different wines, or other spirituous 
liquors. 
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TABLES OF WEIGHTS AKD MEASUEES. 
L MEASURES OF LENGTH, OR EXTENSION. 

I. LlKEAB, OB LOKG MeASUBE. 

205. Iiineax^ or Long Iffbasure, is used in measuring lines, 
or distances. 

The Standard Unit is the Yard, which is subdivided, into 
feet and inches. 

As has been shown, this is the fundamental unit from which 
all the units, both of measures and weights, are deriyed. 

Table. 

12 Inches (in.) make 1 Foot ft 

8 Feet " 1 Yard yd. 

6i Yards " 1 Rod ...rd. 

40 Kods " 1 Furlong far. 

8 Furlongs, or 820 rods . " 1 Mile ml 

- -^ « „., « ( 1 Geogi'aphical, or Nauti- 

1.16 Statute MUes " j JJ^^^ 

8 Geographical Miles ... "1 League lea. 

■ ^ ^ „ ,,., ^1 Degree of latitude on a 

69.168 Statute Miles or ) „ \ Meridian, or of longi- 

60 Geographical Miles. J j tude on the Equator. 

_ . ( 1 A circumference of the 

860 Degrees " \ jjarth. 

The following denominations are also in use ; — 8 barley-corns = 1 inch, 
used by shoemakers in measuring the length of the foot, a barley-corn, or 
i of an inch, after a certain length, constituting a size or ntMnber of the 
shoe; 4 inches = 1 hand, used in measuring the height of horses ; 9 inches 
= 1 span ; 3 feet = 1 pace ; 6 feet = 1 fathom, used in measuring depths 
at sea ; 1 knot = 1 geographical mile, used by sailors. 

Notes. — 1. The Inch is sometimes subdivided by artificers duodeci- 
mally, or into 12ths, but generally into halves, quarters, eighths, sixteenths, 
and thirty-seconds. 
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Decimal subdivisions of the foot aad iixch are used by civil and 
mechanical engineera, an 1 others. 

2. A geographical or nautical mile is one minute of the earth's cii'cum 
ference, or -^(j of a degree, measured on the equator ; but a degree on a 
meridian varies from 68.72 miles, at the equator, to 69.34 in the polar 
regions. 

3. Literally, a degree has no linear measure ; a degree of longitude, as 
such, does not signify distance, but defines an angle. But when applied to 
a portion of a circle of definite dimensions, it may properly be considered 
as having length. 

11. Surveyors' Linear Measure. 

206. This measure is used by surveyors in measuring lines 
and distances. 

The unit is the Cliain, generally known as Ounter^s Chairiy 
which is 4 rods, or 66 feet long, and consists of 100 links. 

Table. 

. 7.92 Inches (in.) make 1 Link 1. 

25 Links « 1 Rod, or pole rd. 

80 Chains , " 1 Mile mi. 

Notes. — 1. Links are written decimally, as hundredths of a chain. 

2. In measuring lines for other purposes than the survey of lands, 
engineers commonly use chains with links 10 inches or a foot long. 



II. MEASUEES OF SUEFACE. 

I. Square Measure. 

207. Square Measure is used in computing surfaces or 
iireas ; as of land, boards, etc. 

A Surface is that which has length and breadth, without 
thickness. 

Area is expressed by the product of these two dimensions; 
hence, the basis of the measure is a linear unit. - 

A square inch is a square whose sides are each one inch long ; 
a square foot, a square whose sides are each one foot^ long, etc. 
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Tablb. 

144 Square Inches(sq. in.) make 1 Square Foot sq. ft. 

9 Square Feet " 1 Square Yard sq. yd. 

80i Square Yards " 1 Square Rod sq.rd. . 

40 Square Rods " 1 Square Rood R. 

4 Roods " lAcre A. 

^40 Acres I... '« 1 Square Mile sq. ml 

A Square is a figure having four equal sides and four right 
angles. Its area is the space, or surface, included within the 
bounding lines. 

Let this diagram represent a square yard, diyided by 
^ FOOT the cross lines into square feet. Each side is 1 yard or 

'^ 3 feet long. The square of this dimension is the area ; 

1' = 1, or 3" = 9. CoDsidering the dimensions in feet, 
^1 i I I ^® obsenre that there are three rows of small squares, 
each containing three square feet ; and 8 times 8 square 
1 yd.^3ft. feet= 9 square feet The area is expressed by the 
number of times it contains the measuring unit. 

Any two adjacent rows of these squares form a parallelogram, 8 feet 
long, and 2 feet wide, and the area is 8 x 2, or 6 square feet Hence . 

To find the area of any rectangular figure, mtUtijply tha lenffth by (ha 
hreadth 
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11. SUBYEYOBS' SQUABE MeASUBE. 

108. This measure is used by surveyors in computing the 
area or contents of land. 

Table. 

625 Square Links (sq. 1.) make 1 Pole P. 

16 Poles " 1 SquareChaui sq. ch. 

10 Square Chains ** 1 Acre A. 

640 Acres •' 1 Square Mile sq. mi. 

NoTB.— In the Western States a square mile is called in the surreys ol 
public lands a Seetum, and 160 acres, a Quarter Section, 86 square milea, 
or sections, constitute a Township. 
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m. MEASURES OF SOLIDITY OB CAPACITY. 

L GuBio Measitbe. 

209. Cubic, or Solid Measure, is used ia computing the 
contents of solids in body or space. 

A solid, in mathematics, is a body, yolume, or space, which 
has all the geometrical dimensions ; viz.^ length, breadth, and 
thickness. 

Solidity or Capacity is expressed by the product of these three 
dimensions ; hence, the units of this measure are formed from 
the linear unit 

A cubic inch is a cube whose edge, or the length of one of 
its sides, is 1 inch; a cubic foot, a cube whose edge is 1 foot, 
or 12 inches = 12 X 12 X 12 = 1728 cubic inches, eU^ 

Table. 

1728 Cubic Inches (cu. in.) make 1 Cubic Foot. . . .cu. ft. 

27 CubicFeet " 1 Cubic Yard .. .cu. yd. 

16 CubicFeet ** 1 Cord Foot. .. .ccL ft. 

8 Cord Feet, or i 

128 Cubic Feet. .. J 

50 Cubic Feet of Square Tim- 
ber, or 
40 Feet of Round Timber, as 

commonly measured. . . . < 
nja ^ I.* T3I ^ ' u ( 1 Perch of Stone ) _. , 
24} Cubic Feet ] or Masonry.. [^^^' 

NoTEa — 1. A cord of wood is a pile 8 feet long, 4 feet wide, and 4 feet 
high, or its equiyalent. A cord foot is 1 foot in length of such a pile. 

2. The ordinary rule for computing the contents of round timber, gives 
the measure too small ; so that what is called the Ton of 40 feet, really 
contains a fraction oyer 50 cubic feet See Measurement of Lumber, 
page 

210. A Cube is a solid haying six equal square sidesf, or 
fiioes. 
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211 A Farallelopipedon is a solid having six rectangular 
plane faces, every opposite two of which are equal and parallel. 

Let this figure represent a cubic yard. Each of 
the six sides is a square yard, containing 9 square 
feet of surface. A section of the cube, 1 foot thick, 
cut off by a plane parallel with one of the sides, 
may, therefore, be divided into 9 small cubes, each 
containing 1 cubic foot. And, since the cube is 
three feet thick, it must contain 8 times 9, or 27 
cubic feet Hence, 27 is the product of the three 
dimensions, or the cube of the linear measure of 
one edge ; 8* =a 8 x 8 x 3 = 27. The solidity is expressed by the num- 
ber of times it contains the measuring unit; it is 1 cubic yard, or 27 cubic 
feet. 

Two of these sections form a paraUelopipedon^ 3 feet long, 3 feet wide, 
and 2 feet thick ; and, by the same reasoning, we show that the contents 
equal 3 x 8 x 2 = 18 cubic feet. Hence, 

To find the solid contents of a cube or parallelopipedon, muUijfiy to 
gether the length, breadth, and tJiickness, 
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1 yd. = 3 ft. 



IL Liquid Measure. 

212. Ijiquid, or Wine Measure, is used for measuring 
liquids of all kinds; such as liquors, molasses, oil, water, mill^ 
etc. 

213. The Standard Unit is the Gallon, containing 231 cubic 
inches. It is equal in volume to 8.3388 lbs. Avoirdupois, or 
10.134 lbs. Troy of distilled water. 



Table. 
4 Gills (gi.) make 1 Pint. 



2 Pints. 

4 Quarts " 

SHGallons " 

2 Barrels " 

2 Hogsheads " 

2 Pipes " 



Pt 

1 Quart qt 

1 Gallon gal. 

1 Barrel bbl. 

1 Hogshead hhd. 

IPipe P. 

ITun T. 



NoTua — 1. There are also casks called Tierces, and Puncheons : 43 
gals, make 1 Tierce ; 2 Tierces, 1 Puncheon. 
2. In Massachusetts a barrel is 32 gallons. 
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8. In commerce, barrels, hogsheads, pipes, etc., arc merely the names 
of cask^ of about the capacity given in the table ; but all kinds of liquids 
are usually sold by the gallon. The contents are found by gauging the 
casks, or are estimated by their gauged capacity. 

4. The Imperial Gallon of Great Britain contains 277.274 cubic inches, 
and is therefore equal to about 1.2 of our wine gallons. 

5. The old Table of Ale or Beer Measure is practically obsolete. 

III. Apothbcaeies* Fluid Measuke. 

214. This Measure is used by apothecaries and physicians m 
compounding medicines. 

The Unit of this System is called a Minim, and is equal to 
about .95 of a grain of pure water, at 60° P. Practically it is a 
drop of water. 

Table. 

60 Minims (tti) make 1 Fluidrachm . . .f3. 

8 Fluidrachms ** 1 Fluidounce fj. 

16 Fluidounces " 1 Pint O. 

8 Pmts ** 1 Gallon Cong. 

Note. — O stands for the Latin Octarius^ a Pint ; C, for Gongim^ a Gallon 

IV. Dry Measure. 

215. Dry Measure is used in measuring grain, fruit, vege- 
tables, salt, and other articles not liquid. 

The Standard Unit is the Bushel of 2150.42 cubic inches, or 
a cylindrical measure 18^ inches in diameter, and 8 inches 
deep. It is equal in volume to 77.6274 lbs. Avoirdupois, or 
94.339 lbs. Troy of distilled water. 

Table. 

2 Pints (pt.^ make 1 Quart qt. 

8 Quarts " 1 Peck pk. 

4 Pecks " 1 BusheL . . . .bush. 

8 Bushels " 1 Quarter — qr. 

86 Bushels r...; " 1 Chaldron. .ch. 
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N0TB8.— 1. The Standard Imperial Bushel of Great Britain contains 
2218.193 cubic inches; so that 82 Imperial Bushels are equal to about 33 
United States Bushels. 
* 2. The English Quarter of grain is 8 bushels. 

8. The English Quarter of Wheat is equal to a quarter of a ton of 2240 
lbs. = 560 lbs., or 70 lbs. to the bushel, while our bushel consists of 00 lbs. ; 
so that our wheat bushel by weight is just f of the English; or 9^ United 
States bushels are equal to one quarter. 

IV. MEASURES OP WEIGHT. 
I. Tboy Weight. 

216. Troy Weight is used in weighing gold, silver, and 
jewels ; also, articles employed in philosopliical experiments, eta 

The Standard Unit is the Pounds which is equal to the 
weight of 22.8156 cubic inches of distilled water. 

Table. 

24 Grains (gr.) .make 1 Pennyweight pwt 

20 Pennyweights " 1 Ounce oz. 

12 Ounces " 1 Pound lb. 

^OTB. — The Troy Pound contains 6760 grains; and the Avoirdupois 
Pound, 7000 grains. Therefore, 1 lb. Troy = flS* = Hi lb. Avoirdupois. 
An ounce Troy is Hf^ = 480 grains, and an ounce Avoirdupois is ^^ = 
437i grains. 

217. OoMPAEisoN OF Weights, and Measures of Capacitt, 

BY Troy Weight. 

1 cu. in. distilled water = 252.458 grains = .5259^} oz. 
5760 grains = 1 Pound Troy. 
7000 grains = 1 Pound Avoirdupois. 
58872.2 grs. (10.134 lbs. Troy) = 231 cu. in. dist water, 1 U. S. Gallon. 
543391.89 grs. (94.339 lbs. Troy) = 2152.405 cu. in. dist. water, 1 U. S. Bush. 
70000 grs. (10 lbs. Avoir.) = 277.274 cu. in. diat. water, 1 Imp. Gal. 
660000 grs. (80 lbs. Avoir.) = 2218.192 cu. in. dist. water, 1 Imp. Bush, 

II. DiAMOKD Weight. 

218. Diamond Weight is used in weighing Diamonds and 
Precious Stones. ^ , 
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Table. 

4 Quarters make 1 GraiiL 

4 Grains " 1 Carat 

HoTBB. — 1. A diamond grain is equal to .8 of a grain Troy. 

2. Tlie word CaraJt used to denote the fineness of gold, does not signiljr 
weight, but a part of pure gold. The whole mass of gold regarded as 
consisting of 24 equal parts, is called as many carcOsfiM as it contains 24th 
parts of pure metal. Thus, gold 18 carats fline consists of 18 parts of pure 
gold, and 6 parts of alloy. 

III. Apothecabies' Weight. 

219. Apothecaries' Weight is used by apothecaries ana 
physicians in compounding medicines. Drugs and medicines 
are, however, bought and sold, in gross, by Avoirdupois weight. 

The pound, ounce, and grain correspond with the same de- 
nominations in Troy weight. The subdivisions, scruples and 
drams, are peculiar to this weight. 

Table. 

20 Grains (gr. xz) make 1 Scruple sc, or 3. 

8 Scruples (9iij) *• 1 Dram dr., or 3. 

8 Drams (3viij) " 1 Ounce oz., or J. 

12 OuncesSxij) " 1 Pound lb.,or «j. 

rv. Avoirdupois Weight. 

220. Avoirdupois Weight is used in weighing all common 
articles of merchandise, and the base metals. 

The Standard Pound is 7000 grains Troy, or the weight of 
27.7274 cubic inches of distilled water. 

Table. 

16 Drams (dr.) make 1 Ounce oz. 

16 Ounces " 1 Pound lb. 

25 Pounds " 1 quarter qr. 

4 Quarters " 1 Hundred-weight . . .cwt 

20 Hundred-weight " 1 Ton . . 5.,^£|,.,vGoSgle 
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Notes.— 1. The ton of 2240 pounds, or Long Ton, as it is now some- 
times called, was formerly in general use. It is still the standard at tho 
United States Custom-Houses, and in some branches of business, particu- 
larly the wholesale coal trade. 

2. In freights, a ton (by the rules of the New York Chamber of Com- 
merce) consists of 8 barrels of flour ; 22 bushels of grain, pease, or beans, 
in casks ; 86 bushels of gi'ain in bulk, or European salt ; 31 bushels West 
India salt; 6 barrels of beef, pork, tallow, or pickled fish; 200 gallons, 
wine measure, of oil, wine, brandy, or other liquors ; 29 bushels of sea- 
coal ; 40 cubic feet of square timber, oak or pine plank, cotton, wool, and 
other bale goods ; 2000 lbs. of bar or pig iron, ashes, and all other heavy 
goods. 

Table of Pounds in a Bushel. 



221. In accordance with custom and statutory regulations, 
grain, seeds, and sometimes vegetables, are now usually bought 
and sold, in quantity, by weight, or so many pounds to the 
nominal bushel. Though the laws of the different States are not 
uniform in this respect, the following are the prevailing stand- 
ards : — 



Wheat 60 lbs. 

Wheat Bran 20 " 

Indian Corn . . . ^ 56 ** 

Indian Com Meal ...... .50 " 

Indian Com in ear 68 " 

Rye 66 « 

Rye Meal ..50 " 

Barley 48 " 

Oats 32 " 



Buckwheat .42 lbs. 

Beans 60 " 

Clover Seed 60 " 

Timothy Seed 60 " 

Blue Grass Seed 14 " 

Flaxseed 56 " 

HempSeed 44 " 

Potatoes 60 " 

Onions 67 " 



Note. — ^Efforts have been made in various cities to introduce the Cental 
System, or the buying and selling of grain and other commodities by the 
hundred pounds, instead of the bushel; but want of concerted action, or 
indisposition to change existing systems, has thus far prevented its general 
adoption. 

Time Measure. 

222. Time is a part of duration, and is measured by the 
diurnal revolution of the earth on its axis, and its annual revo- 
lution around the sun. 

The natural unit is the Day, or period in which the earth 
revolves once on its axis. This period is subdivided into hours. 
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mmnteSy and seconds; and its multiples form weeks^ months, 
and years. 

Table. 

60 Seconds (sec.) make 1 Minute m. 

60 Minutes " 1 Hour h. 

24Hours..,. " 1 Day da. 

7 Days " 1 Week wk. 

365 Days, or i 
12 Calendar Months j 

366 Days « 1 Leap Year yi. 

100 Years " 1 Century. 



1 Common Year . . .yr. 



223. The year is divided into Calendar Months as follows : — 

•XASONB. KO. OF XO. KAXBB. NO. OF DATS. 

j Ist. January 31. 

^^^^ \ 2d February 28 or29. 

3d March 31. 

Spring -j 4th April 30. 

5th May 31. 

6th June 30. 

Summer ] 7th July 31. 

8th August 31. 

9th September 30. 

Autumn -j 10th October 31. 

. 11th November .30. 

Winter 12th December 31. 



224. The number of days in each month may be easily 
remembered by the following lines : — 

** Thirty days hath September, 
April, June, and November ; 
All the rest have thirty-one. 
Save February, which alone 
Hath twenty-eight; and this, in fine, 
One year in four hath twenty-nine." 



225. Method of Eeckoning Commoit and Leap- Years. 

An exact Ti'opical^ or Solar Tenr^ according to Laplace, is 365 da., 5h., 
48 m., and 49.7 sec. of mean solar time. 

The Qmman, or CM Year, consists of 365 days for three ; 
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cesRion, and tlien the fourth* except as hereafter stated, is reckoned 866 

days, one day being added for the excess of the solar year over 365 days. 

This day is added to the month of February, which then has 29 days, and 

the year is called Bissextile, or Leap- Tear, 

* 
But, the addition of one day erery fourth year .produces a slight error 

in the calendar, because the yearly excess of 5 h:, 48 m., 49.7 sec. is thus 

reckoned 6 hours. The difiference is 11 m., 10.8 sec., which in 100 years 

amounts to 18 h., 37 m., 10 sec. To correct this error, every centennial 

year, except as mentioned below, is called a common year, instead of a 

leap-year, which it would be according to the above rule. 

This again creates an error the other way, of 5 h., 22 m., 50 sec., which 
in 400 years amounts to 21 h., 31 m., 20 sec. Hence, for a further correo* 
tion, every centennial year which is divisible by 400 is called a leap-year. 

With these corrections, the time gained in the calendar in 4000 years 
will be 24 h., 46 m., 40 sec. For this reason, Sir John Herschel suggested 
that the year 4000 a.d. be reckoned a common year. 

The following rule for determining the leap-year is thus established : — 

Sh&ry year whose number is exactly divieible by 4, except the centennial 
years which wre not exacUy divisible by 400, is a leap-year ; aU the other years 
are common years. 

For example, 1872, 1876, 1880, etc., will be leap years ; 1900 will be a 
common year, and 2000 the next centennial leap-year. 

Notes. — ^1. The civil year of 865 days and 6 hours was established by 
a decree of Julius Cssar, the Roman emperor, made in the year 46 b.c., 
and hence is sometimes called the Juilan Tear, 

2. In 1582 the error arising from reckoning the year too long by a 
small fraction, had amounted to 10 days ; that is, the date in the. civil year 
was so much behind the solar year. To correct this error Pope Gregory 
decreed that 10 days should be stricken from the calendar, by calling the 
4th day of October, 1582, the 14th day. The calendar so established was 
called the Qregorian Calendar^ and is the one now used. 

8. The period during which time was reckoned by the Julian Calendar, 
is called the JvUan Period, 

4. The Gregorian Calendar was not adopted in England until 1752, 
when the British Parliament decreed that 11 days should be stricken from 
the calendar, by calling the 8d day of September in that year the 14th. 

5. Dates by the old calendar were afterward called (M Style (O. S.), 
and by the new, New Style (N. S.) 

6. The Russians still use the Old Style ; and as the difference is now 12 
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days, their dates are 12 days behind oars. So, their Ist day of January is 
our 13th. 

7. A month, in most business transactions, especially in computing 
interest, is reckoned thirty days. 

8. A so-called ** lunar month" is 4 weeks, or 28 days. A mean lunation, 
or real lunar month, is approximately 29i days, or more exactly, 29.53059 
mean solar days. 285 lunations, nearly, measure a period of 19 years, 
called a Lunar or Metonic Cyde, 

9. A SidereaH Day is the period in which a star apparently completes a 
reyolution in the heavens, being the exact interval of time in which the 
earth revolves on its axis. 

10. The OivU Day commences and ends at midnight, and the Astrtmom- 
teal Day, at noon of the civil day. 

11. A Solar Day is the interval of time between two successive passages 
of the sun across the meridian of any place. 

12. The solar days are of unequal length, on account of the unequal 
orbital motion of the earth and the obliquity of the ecliptic. 

13. A Mean Bolar Day is the average length of all the solar days in the 
year. 

14 Apparent Time is the true solar time regulated by the apparent 
motion of the sun. 

15. Mean, or Clock Time, is time regulated by the average or mean, 
instead of the unequal or apparent, motion of the sun. 

10. The difference between sun-time and clock-time is called the Bgua- 
Uon of Time, 

17. When, therefore, it is 12 o'clock mean time, the sun may be either 
a little past or a little behind the meridian, and is said to be *' &st," or 
••slow.'' 

18. The sun is slowest about February 10th, when it is about fourteen 
and a half minutes behind mean time. It is fastest about the 1st of Novem- 
ber, when it is sixteen and a quarter minutes in advance of the clock. 
Mean and apparent time coincide four times in the year ; namely, April 
15th, June 15th, September 1st, and December 24th. 

19. Almanacs give the equation of time under the heading *' sun slow," 
or " sun fast," and by adding or subtracting the same, as the case may 
require, apparent time, as shown by a dial or ^ sun mark " may be readily 
changed to mean time. /^ ^^^T^ 
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Circular Measure. 

226. Circular, or Angular Measure, is used in astronomy^ 
navigation, geography, and surveying, for reckoning latitudg 
and longitude, measuring angles, etc. 

The Unit is the Degree^ which is -^ part of the circumfer- 
ence of a circle. 

Table. 

60 Seconds (") make 1 Minute '. 

60 Minutes " 1 Degree '. 

30 Degrees " 1 Sign b. 

12 Signs, or 360** " 1 Circle c 

Notes. — 1. All circles, great and small, contain the same number of 
degrees. Therefore, a degree is not a measure of space, or extension. It 
measures an angle whose vertex is the centre of the circle. 

2. An Arc of a circle is any part of its circumference ; a quadrant is 
one-fourth ; a sextant, one-sixth ; a sign, one-twelfth. 

Miscellaneous Tables. 

12 Units, or things make 1 Dozen doz. 

12 Dozen ** 1 Gross gro. 

12 Gross, or 144 Dozen '. . " 1 Great Gross. . .gr. gro. 

20 Units, or things " 1 Score. 

14 Pounds ** 1 Stone. 

2U Stones " 1 Pig of iron or lead. 

8 Pigs " 1 Pother. 

100 Pounds *. " 1 Qumtal offish. 

196 Pounds (7 old quarters) " 1 Barrel of flour. 

200 Pounds " 1 Barrel of beef or pork. 

227. Books akd Papeb. 
Designation of different Sizes of Paper. 



Double Imperial .32 by 44 in. 

Double Super Royal. . .27 by 42 " 

Double Medium 23 by 26 " 

Double Medium 24 by 37i " 

Double Medium 25 by 38 " 

Royal and Half 25 by 29 " 

Imperial and Half ... .26 by 32 " 



Crown, 15 by 20 inches. 



Imperial 22 by 32 in. 

Super Royal 21 by 27 " 

Royal 19 by24 " 

Medium 18i by 23i« 

Demy 17 by22 " 

Folio Post 16 by 21 •* 

Foolscap 14 by 17 ** 
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Papeb- 

24 Sheets make 1 Quire. 

20 Quires " 1 Ream. 

2Ileams " 1 Bundle. 

5 Bundles " 1 Bale. 

Note. — A sheet folded in 2 leayes is called a folio; in 4 leayes, a 
quarto^ or ^io ; in 8 leaves, an octavo^ or 8w/ in 12 leaves, a l%mo; in 
18 leaves, an X^rno; in 24 leaves, a 2^mo; and in 82 leaves, a %%mo, 

English Money. 

228. English, or Sterling Money, is the currency of 
England. 

Table. 

4 Farthings (far. or qr.) make 1 Penny d. 

12 Pence . . I " 1 Shilling s. 

20 Shillings " 1 Pound or Sovereign. .£. 

21 Shillings " 1 Guinea. 

5 Shillings. ** 1 Crown. 

Notes. — 1. The coins are, — Oold^ the sovereign, half-sovereign, and 
guinea; — Silver^ the crown, half-crown, florin (2«.), shilling, sixpence, 
fourpenny piece, and threepenny piece ; — Copper ^ the penny, halfpenny, and 
farthing. The gui^ea, crown, and half-crown are not now coined. 

2. The intrinsic par value of the Pound, or Sovereign, in United States 
money, as estimated at the Mint, and proclaimed Uy the Secretary of the 
Treasury, January 1st, 1875, under an Act of Congress passed March 3d, 
1873, is |4.866i.— See an abstract of this act, page 829. 

8. In round numbers, where no accurate calculation is required, a 
pound is often called $5. 

French Money. 

229. French Money, like our own, is a decimal currency, 
the franc being the unit, and centimes and millimes, decimals. 

Table. 

10 Millimes make 1 Centime ct 

lOOCentimes " 1 Franc ^..fr. 
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KOTBB.— 1 the coins are,— G^o«, 100, 40, 30, and 10 franc pieces;— 
SUter, 5, 2, 1, i, and i franc pieces. 1 fi«nc = 100 centimes; i fi^nc = 50 
centimes; i frimc = 25 centimes. The Copper coins are,— 1 centime; 
1 sou = 5 centimes ; 2 sous = 10 centimes. 

2. The par value of the 20 franc piece, or louis, is |3.872; of the ftunc, 
|0.191i^, when compared with the pound sterling, at $4.84. 

For Tables and explanations of other Foreign Currencies, 
iee pages 233, and the article on Exchange. 



Measures of Heat. 

2S0. Temperature, or Inteniity <xf Heat, is measured 
by instrmnents called. Thermometers. Of these, the principal 
ones in common use are Fahrenheit's, the Thermomctre Centi- 
grade, and B^aumur's. In England and America^ Fahrenheit's 
is most frequently used, though the Thermomctre Centigrade, 
owing to its convenient decimal scale, is coming into general 
use among scientific men throughout the world, and has been 
wholly adopted by several European countries. A comparison 
of the three different scales is exhibited in the following 



Table. 

8TAin>ABD Fonrrs. degbees on thb^ scale. 

FahrenheU. Centigrade, Bkaanwr, 
Boiling point of water under one) 21%'' 100* 80** 

atmosphere ) 

Melting point of ice 32* 0' 0* 

281. These different scales are readily reducible to each 
other. Thus, let F% C°, E% represent any number of degrees 
Fahrenheit, Centigrade, or E6aumur. Then to reduce 

Fahrenheit to Centigrade, f (P* - 82) = C\ 

Centigrade to Fahrenheit, J C + 82 = F'. 

Fahrenheit to Reaumur, f (F' - 82) = R'. 

Reaumur io Fahrenheit, f R* + 82 = F'. 

Centigrade to Reaumur, * C = R'. 

Reaumur to Centigrade, J R' = C. 
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Note. — On tlie scale of Fahrenheit, the framing paifU is,— fresh water, 
32®; sea-water, 289; strong wine, 20^; mercniy, 8»*» below asero. The 
boiling point is,— quicksilver, 6fi0® ; linseed oil, 600° ; oil of torpeotine, 560®; 
water, 212*' ; alcohol, 174**. The meUing point is,— cast iron, 20577** ; gold, 
6237«; silver, 4717®; Swedish copper, 4587®; brass, 8807®; zUic, 700®; 
lead, 594®; bismuth, 476®; tin, 442; sulphur, 226®; beeswax, 142®; sper- 
maceti, 112®; tallow, 02®. 

The mean temperature of the human blood is 90.5®. The heat of com- 
mon fire is 790® ; red heat fully visible in daylight, 1077® ; iron zed-hot in 
twilight, 884® ; in the dark, 752®. 

Examples. 

1. Fresh water freezes at 32^ F. : what is the freezing point 
on the Centigrade thermometer? 

Soluxion: (32 — 32) X i = 0, Ana. 

2. The boiling point of water on the scale of Fahrenheit is 
212** : what is it on the Centigrade ? . 

Solution: (212 — 32) X 4 = 100, Ams. 

3. Reduce — 39° F, the freezing point of mercury, to R 

Ans. 3ip below 0, called — 32^ 

4. When B^aumur's thermometer marks the temperature 10^ 
below zero, what is the temperature by C and F ? 

^ Am. Cf 12J** below zero; F, 9^® above zero. 



REDUOTIOK OF COMPOUIf D I^UMBERS. 

232. Reduction is the process of changing a number from 
one denomination to another, without altering its value. 

2$3. The Reduction of Compound Numbers is of two kinds. 
Descending and Ascending. 

234. Reduction Descending consists in changing a num- 
ber of one denomination to another of a lower denomination; 
thus, £5 = 100«. = 1200d 

235. Reduction Ascending consists in changing a number 
of one denomination to another of a higher denomination ; thus, 
1200J. = 100s. = £6. r ooalp 
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EEDUCTIOISr DESCENDING. 

Case L 

236. To reduce the higher denominations of a com- 
pound number to a lower. 

Example. Reduce 8 mi. 3 fur. 10 rd. 1 yd. 2 ft. 6 in. to inches. 

OPERATION. 

7 mi. 3 fur. 10 rd. 1 yd. 2 ft 6 in. 

8 ^ 



59 fur. 
40 



2370 rd. 
H 

11851 
1185 




13036 yd. 
3 




39110 ft. 
1^ 


• 


469326 in., 


Ans. 



Analysis.— Since 8 furlongs* make 1 mile, 7 
miles and 3 furlongs are equal to 8 x 7 + 3 = 
59 furlongs. Tlien, since there are 40 rods in a 
furlong, 59 furlongs equal 40 times 59 rods, or 
2360 rods ; and, adding the 10 rods in the given 
number, gives 2370 rods as the value of 59 fur. 
10 rd. Continuing the reduction in this manner, 
we obtain for a final result 469326 inches, tbe 
value of the given number in its lowest denomi- 
nation. Hence we deduce the following: 



KuLE. — Multiply the numher of the highest denomination by 
that number which will reduce it to the next lower denomination 
in the scale, and to the product add the given number in the 
multiplicand, if any, of that lower denomination* Proceed in 
like manner with the result, and so on with the successive results, 
till the give7i number is reduced to the required denominatioiu 

Examples for Practice. 

1. Reduce 45 A. 3 R 25 sq. rd. to rods. 

2. Reduce 2 hhd. 1 bbl. 23 gall. 3 qt. to pints. 

3. Reduce 125 bush. 3 pk. 5 qi to quarts. ^ i 
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4. How many feet in 75 mi., 5 fur.? 

5. Eequired the number of pounds in a hogshead of sugar, 
weighing 18 cwt. 3 qr. 14 lbs. 

6. Reduce £95 10^. 6d, to pence. 

7. How many grains are there in 55 lb. 7 oz. 13 pwt. 16 gi*., 
Troy weight ? 

8. How many pence are there in £1 ? 

9. Reduce 12 Hj. 9 j. 2 3. to scruples. 

10. Reduce 3 yr. 13 wk. and 7 da. to days, reckoning 365 days 
to a year. 

REDUCTION ASCENDING. 

Case I. 

237. To reduce a denominate number to a compound 
number of higher denominations. 

Example. In 1268d. how many pounds, shillings, and pence ? 

OPEBATION. Analysis. — We first divide by 12, be- 

12)1268^^. cause 12 pence make a shilling, and 

~ obtain 105«. with Sd. remaining. Next, 

20) 105*. . . . Sd. rem. ^^ divide the 105«. by 20, because 20s. 

make £1, and obtain for a quotient £5, 

£5 .... 55. rem. with 5«. remaining. £5 written with 
the remainders in succession, is the re- 
J^p 5«. Sd., Ans. quired compound number. Hence we 

deriye the following 

Rule. — L Divide the given mimber by the number tohich it 
takes of that denomination to make one. of the 7iext higher de- 
nomination. 

11. Divide the quotient in like fnanner ; and so proceed to the 
highest denomination required. The last quotient, ivith the suc- 
cessive remainders, written in reverse order, will be the required 
compound number. 

Examples for Practice. 

1. Rednce 7820 square rods to acres. 

2. Reduce 725 qts. to hogsheads. 

3. How many bushels of corn are there in 4029 qts. ? 
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4. Reduce 399300 feet to miles. 

5. Find the quantity in higher denominations of 1889 pojonds 
of sugar. 

6. How many pounds, shillings, and pence, are there in 10926 
pence ? 

7. Seduce 320488 grains Troy to pounds. 

8. Change 240 pence to the highest denomination in the scale 
of English money. 

9. Beduce 3678 scruples to pounds. 

10. How many common years, weeks, and days, are there in 
8309 days ? 

EeDUCTION of PBJBfOMIKATB FbACTIONS. 

2S8. A Denominate Fraction is a fraction of a denom- 
inate number ; as f of a ton ; .25 of a mile. 

Case I. 

289. To reduce a denominate fraction to int^ers ot 
lower denominations. 

Example. Beduce ^^ of a pound Troy to integers of lower 
denominations. 

OPERATION. 

7 
12 

9)84(9 oz. 6 pwt 16 gr. 

81 AKALT8ts«— 6bce 12 oz. = 1 lb., } of a 

pound = } X 12 « V «f *Ji oz. = 9 oz. 

3 and 3 ninths rem, } of an oz. =■ | x 20 

20 = y of a pwt =t 6 pwt. and 6 ninths rem. 

t of a pwt =2 t X 24 =s^J^ of a gr, =r 16 

9)60 grains. 

g^ The several quotients form the answer. 
Hence we deriye the following 

6 
24 



9)144 
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. Rule. — I. Multiply the numerator of the fraction by the proper 
number to reduce it to the next lower denomination^ and divide 
the product by the denominator. 

II. Proceed in like manner with the remainder^ if there be 
any J and so continue to the lowest denomination required. The 
several quotients in order will be the answer. 

Examples fob Pbaotice. 

1. Eeduce -^ of a ton to integers of lower denominations. 

2. What is the value of ^ of a mile ? 

3. What is the value of -^ of a year (365 days) ? 

4. What is the value of |^ of an acre ? 

5. Find the v#lue of f of a hogshead. 

6. Find the value of fj of a bushel. 

7. Find the value of £fj. 

8. Eeduce .875 of a ton to integers of lower denominations. 

OPERATION. 

•^'^ Note. — No separate fule is re- 

20 quired for' the reduction of deci- 

- mals. Multiply according to the 

17.500 cwt. rule above given and point off as 

4 in decimal fractions. The integers 

in the several products, written in 

2.0 qr. Ans. 17 cwt. 2 qr. order, will constitute the answer. 

9. What is the value of .75 of a mile ? 

. 10. What is the value of .625 of an acre ? 

11. What is the value of £.125 ? 

12. What is the value of -J of a week ? 

13. Reduce .46J leagues to integers of lower denominations. 

14. Eeduce to integers of lower denominations, J of a cubic 
foot; 3.75 tons; .5 of an acre; .3 of 1 lb. Troy; .95 lb. 
apothecaries' weight; ^ of a gaL apothecaries' fluid measure. 
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Case IL 

240. To reduce one denominate firaction to anothei of 
a higher or lower denomination. 

Example 1. Reduce -^ of a rod to the fraction of an inch. 

OPERATION. 

3 

1 78 

•*■ * * Analysis. — The multipliers required 

p. ^^M. ^ to reduce rods to inches are 161 and 12 ; 

' 178 2 '33 ^®"^®» ^^ "" ^^* "" ^^ ^ ^' ^^^^*^ ^ 

-J ! v^ 3 the fraction of an inch equal to ^i^ of a 

rod. 



11!S\99 = -^y Ans. 

# 

Example 2. Reduce -^ of a pound Avoirdupois to the frac- 
tion of a ton. 

OPERATION. 

Jill Analysis.— The several divi- 

13^25^4^^~ WsTj -^^^- sors required to reduce pounds 

2Q to tous are 25, 4, and 20 ; heilice» 

T^j -i- 25 X 4 X 20 = j^hi-6 = Tho, 



Or, 13 
25 

10 ?0 



$ which is the fraction of a ton 

equal to i^ of a pound. From 
these examples and illustrations 
we deduce the foUowinis: 



3250 1 1 = -^^y Ans. 

HvLB.— Multiply or divide the given fraction by the proper 
numbers to reduce it to the required denomination, according to 
the rules for Reduction Descending and Ascending. 

Examples for Practice. 

1. Reduce ^ of a gallon to the fraction of a pint. 

2. Reduce ^^Hr ^^ ^ ^^^^ ^^ *^® fraction of an hour. 

3. Reduce ^ of an ounce Troy to the fraction of a pound. 
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4. Bednce ^ of a square rod to the fraction of an acre. 

5. A of a pound Avoirdupois is ^ of how mauy ounces ? 

6. What fraction of an hour is } of 15 seconds ? 

CaseIIL 

241. To reduce a compound number to a fraction of a 

given denomination. 

Examples. What part of £1 is 15 shillings? Ans. if 

Note.— The unit is £1 = 30*. ; and 15». = W of 20«. = £tt. 
2. Reduce 32 rd. 8 ft 6 in. to the fraction of a furlong. 

OPERATION. ANAiiYSis. — It is evident that 

on jj o i»i. /» • nAno ' 1. to find what part one number ia 

32 rd. 8 ft. 6 in. = 6438 inches. * *i i *i *i. ^ ^ 

of another, both must be reduced 

1 fur. = 7920 inches, to the same denominaUon. Hav 

4tfo" = iJi~C"> A71S. ing reduced ihe given number to 

inches, the lowest denomination 

in it, and the unit, 1 furlong, to the same denomination, the question is, 

what part of 7920 inches is 6438 inches? It is fjjft = \m. Therefore, 

32 rd. 8 ft. 6 in. are Hi J of a furlong. Hence the following 

Rule. — Reduce the given numher to the lowest denommatton 
it contains for tlie numerator^ and a unit of the required denom- 
ination to the same denomination for the denominator of the re- 
quired fraction. 

Examples for Practice. 

1. What part of £1 is 13s. ^d.? 

2. Eeduce 9 oz. 11 pwt. 14 gr. Troy to the fraction of a pound. 
3 Eeduce 3 cd. ft. 13 cu. ft. to the fraction of a cord. 

4. What part of 3 bushels is 3 pk. 7 qt. 1^ pt. ? 

Note. — When the given number contains a fraction, reduce the wholes 
and also the unit, to the same firactional denomination. /^^^^T^ 
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25 


12.875 


4 


3.515 


20 
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5. What part of 5 weeks is 6 da. 23 h. 40 min. ? 
6 From a barrel containing 31^ gallons of wine, 4 gall. 3 qt 
1 pt. were drawn : what part of the contents remained ? 

Case IV. 

242. To reduce a compound number to a decimal of a 
given denomination. 

Example. Keduce 4 cwt. 3 qr. 12 lbs. 14 oz. to the decimal of 
a ton. 

OPERATION. Analtbis.— 14 OZ. = + J of a pound, and this 

fi^ction reduced to a decimal is, .875, which an- 
nexed to 12 lbs. gives 12.875 lbs. as the »alue of 12 
lbs. 14 oz. Then, dividing 12.875 by 25, the num- 
ber of pounds in a quarter, and annexing the quo- 
tient to 3 qrs., we have 3.515 qrs. In like manner, 
dividing by 4, and 20, we obtain .2439375, the 

_ decimal of a ton which is equivalent to the given 

•2439375 number, ^ence the following 

EuLE. — Divide the number of the lowest denomination hy that 
number which will reduce it to the next higher denomination in 
the scale, and annex the quotient to the number of the next higher 
denomination. Proceed in the same manner with the result, and 
fto on till the required decimal is obtained. 

Examples for Practice. 

1. Reduce £12 195. O^d. to the decimal of a pound. 

2. Reduce 15 pwt. 18 gr. Troy to the decimal of a pound. 

3. Reduce 36 rd. 13 ft. 9 in. to the decimal of a furlong. 
4 Reduce 116 rd. to the decimal of a mile. 

5. Reduce 2 A. 2 R. 3 sq. ft. to the decimal of an acre. 

6. Reduce 4 links 5 in. to the decimal of a chain. 

7. Reduce 4 cd. ft. 9 cu. ft. to the decimal of a cord. 

8. Reduce 213 da. 13 h. 24 m. 36 sec. to the decimal of a yeai 
^f 365 days, 
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9. Bedace 5 da. I^f h. 10 sec. to the decimal of a week. 

10. Reduce 21 bu. 2 pk. 6\ qt to the decimal of a busheL 

11. Heduce 125 lb. to the decimal of a ton. 

12. Beduce 4 wk. 5 da. 10 h. 25 m. 56 sec. to the decimal of 
a week. 

13. Beduce 14^ 25' 25" to the decimal of a sign. 

14. Beduce 50 sec. to the decimal of a year of 365 days. 

Shobt Methods. 
Case I. 

213. To reduce shUlings, pence, and fexthlngs to the 
decimal of a pound. 

EuLE. — L Divide the number of shillings by 2, and write the 
quotient as tenths. If there be an odd shilling, write it as 5 
hundredths. Or, multiply the number of shillings by 6, and 
write the product as hundredths, 

n. Write the number of farthings in the given pence and 
farthings as thousandths, adding 1 if the number exceed 12, and 
2 if it exceed S6. 

III. The sum of these will he the required decimal, approxi- 
Tnately correct. 

Example. Beduce 16^. 6|t?. to the decimal of a pound. 

OPERATION. Explanation. — Since shilling are 

155. — .75 of a pound, twentieths, 15«. = H of a pound = 
27 far. = .028 " 1.5 -^ 2 = .75 ; or H = iWy- And in 

I 1 pound there are 960 farthings, and 

.778+ Ans. ^^ increased by ^ of itself = 1000; 

^ * that is, by adding 1 for every 24 

farthings, the sum will be the exact number of thousandths of a pound they 
equaL 27 farthings = £.028i, and we call the decimal .028. The result is 
sufaciently accurate for most practical purposes. The true answer is, 
.778125. 
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Case IL 



244. To reduce himdred-weightSy quarters, and xx)uzids 
to the decimal of a ton. 

EuLE.-— L Divide the number of pounds by 2, writing the quo- 
tient as thousandths, and the remainder for an odd pound as 5 
ten-thousandths. 

II. Divide the number of hundred-weights, with the quarters 
amieoced decimally^ by 2, and write the quotient as tenths, hun» 
dredths, etc. 

III. Uie sum of these wiU be the required decimal 

Example. Reduce 13 cwi 3 qr. 18 lb. to the decimal of a 
ton. 

OPEKATION. Explanation.— 21b. 

181b. =.009 of a ton. =Tiftnr = .001ofaton; 

• Q nr ) ' » fl-iid 2 cwt. = ^ = .1 

IsS't.H^^-''^*"'*'"-^^^^ " " «f'''°'^ Hence, di. 

viding the pounds by 2 
.6965, Ans. reduces them to thou- 

sandths of a ton ; and 
dividing the hundred-weights by 2 reduces them to tenths of a ton. 

Note. — Hundred-weights alone, or with quarters annexed decimally, 
may also be reduced to the decimal of a ton, by multiplying by 5, and 
placing the decimal point before the product. 

Example. Eeduce 19 cwt to the decimal of a ton. 

19 X 6 = 96. Ans. .96 of a ton. 

2. Reduce 16 cwt. 3 qr. to the decimal of a ton. 

16.76 X 6 = .7876. Ans. .7875. 

Examples for Pbactice. 

1. Eeduce Ids. lUd. to the decimal of a pound. 

2. Eeduce 17 cwt. to the decimal of a ton. 

3. Eeduce 12 cwt. 2 qr. to the decimal of a ton. ^ . 
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« 

4. Find the cost of 6 T. 13 cwt. of coal, at $7 per ton. 
6. Eeduce ISs. lOid. to the decimal of a pound. 

6. Eeduce 14 cwt 3 qr. 12 lb. to the decimal of a ton. 

7. Eeduce 21 cwt. 2 (jr. to the decimal of a ton. f 



ADDITION OP COMPOUND NUMBEBS. 

245. The operations of Addition, Subtraction, Multiplication, 
and Division in Compound Numbers, are the same in princi- 
ple as like operations in simple numbers, except that in passing 
from one denomination to another, we borrow and carry, when 
necessary, according to a varying instead of a wiiform scale. 

The principles will be sufficiently explained under the exam- 
ples, to render special rules unnecessary. 

Example. Add 3 fur. 17 rd. 12 ft. 6 in.; 7 fur. 13 rd. 8 ft. 
10 in. ; 2 fur. 7 ft. 11 in.; 6 fur. 18 rd.; 6 fur. 2.3 rd. 15 ft. 7 in. 

Analysis — Having written the 
given numbers so that those of the 
same denomination stand in the same 
column, we commence at the right, 
and find the sum of the inches to be 
84 = 2 ft. 10 in. Hence, we write the 

10 inches under the column of inches, 
and cany the 2 feet to the column of 
feet. The sum of the feet, with 2 car- 

3 33 11 10 ried, is 44 = 2 rd. 11 ft. Writing tlie 

11 under the column of feet, we cany 
2 to the column of rods, which then foots up 73 = 1 fur. 33 rd. Then 1 
carried to the column of furlongs, makes the sum of that column 24 = 3 mi. 
As there is no remainder, we write under the column of furlongs, and 
plane the 8 miles to the left in its proper order. This completes the work, 
and the whole sum is 8 mi. 83 rd. 11 ft. 10 in. 

Notes. — 1. If a fraction occur in any division, it must be reduced to 
integers of lower denominations, and the result added to the other part 
of the sum. 

2. Fractions occurring in the higher denomidltions should first be re- 
duced to integers. 
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* ftir. rd. 


ft. 


in. 


3 17 


12 


6 


7 13 


8 


10 


2 


7 


11 


6 18 








5 23 


15 


7 
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Examples fob Practice. 
Find the sum of the following compound numbers : — 

1. Add 13 T. 17 cwt. 3 qr. 23 lb.; 11 cwt 2 qr. 24 lb.; and 
156 T. 9 cwt. 1 qr. 17^ lb. 

2. Add 13 cd. 6 cd. ft; 56 cd. 7 cd. ft 11 cu. ft; 22 cd. 3 cd. 
ft; and 1 cd. 13 cu. ft 





(3) 










(4) 




£ 


B. 


d. 




A. 


B. Bq. rd 


1. eq.yd. 


eq. ft. sq. In. 


35 


11 


6 




3 


2 17 


18 


7 112 


275 


4 


4 




19 


3 20 


6 


4 24 


36 


8 


10 




32 


1 29 


25 


3 47 


264 


3 


2 




56 


3 31 


9 


2 108 




(5) 








(6 


) 


lb. 


OK. 


pwt. 


gi- 




T. 


cwt. qr. 


lb. 01. 


30 


8 


.14 


iH 




15 


14 3 


20 8 


184 


11 


19 


23 • 




40 


5 2 


11 9 


204 


6 


9 


10 




6 


18 


12 


18 


11 


16 


5 




34 


15 1 


24 4 



7. What is the sum of 12 bush. 2^ pk. ; 3| bush. 2 pk. 4^ qt ; 
3 pk. 2 qt ; 1 bush. 2 pk. 7 qt ? 

8. Add £120 11^. 3d. ; £175 105. llfd ; £7 Us. lOid. ; 125. O^d. 

9. What is the sum of 215 A. 2 E. 39 rd. 200 sq. ft; 17 A. 3 
E. 20 rd. 19 sq. ft ; 145 A. 3 K 36 rd. 114 sq. ft. 112 sq. in. ? 

10. Add 10 S. 20° 30' 40"; 9 S. 19° 35' 48"; 5 S. 52"; 7 S. 1'. 

11. A farmer sold three loads of hay, at $15.50 per ton. The 
first load weighed 1 T. 3 cwt ; the second, 17 cwt 3 qrs. ; the 
third, 1^ T. : how much did he receive for the whole? 



12. To 4 of a mil^add f of a rod. 

13. Add £J to i of a shilling. 
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SUBTEAOTION OF COMPOUND IfUMBERS. 

Example. From 65 lb. 10 oz. 9 pwt. 15 gr. take 64 lb. 11 oz. 
16 pwt. 12 gr. 

OPBBATION. AiJALYBis.— Having written the subtrahend 

lb. oa. pwt. gr. Under the minuend, pounds under pounds, ounces 
65 10 9 15 uJider ounces, etc., we begin at the right to sub- 
54 11 16 12 *^^^ ^^ ^' ^^°^ ^^ ^' leaves 3 gr., which we 

write underneath. 16 pwt cannot be taken from 

10 10 13 3 ^ P^^* » therefore, we borrow one (1 oz.) from the 
next higher denomination, reduce it to penny- 
weights, add it to the 9 pwt, and from the sum subtract 16 pwt ; 1 oz. = 
20 pwt ; 20 + 9 — 29; and 29 — 16 = 18. We must now cany oi add 
the 1 borrowed to 11 oz., or consider it subtracted from the 10 oz. Pass- 
ing to the next denomination, we find we must bon*ow again, for we cannot 
take 12 oz. from 10 oz. We, therefore, add 1 lb. = 13 oz. to the 10 oz., 
and subtract 12 oz. from the sum ; 12 + 10 = 22 ; and 22 — 12 = 10. 
Finally, we carry 1 to 54, and subtract 55 lb. from 65 lb. The complete 
result is 10 lb. 10 oz. 13 pwt 3 gr. 

Examples for Pbactice. 
1. From 14 rd. 12 ft. 9 in. take 11 rd. 15 ft. 11 in. 
. 2. Subtract 2 T. 13 cwt. 23 lb. from 17 T. 

3. Bought 18 cords of wood, and sold 6 cords and 3 cord feet 
of the same : how much remained ? 

4. From 1 great gi'oss subtract 4^ doz. 

6. A farmer had 450 bush. 3 pk. of wheat, of which he sold at 
one time 122 bush. 2 pk., and at another, 37^ bush. : how much 
had he left? 

6. A gentleman owned three tracts of land. The first con- 
tained 140 A. 3 B. 14 rd.; the second, 275 A. 20 rd.; the third, 
75 A. 2 R He sold from the first tract, 40 A. 3 E.; from the 
second, 25 A. 2 B. ; and from the third, 1 E. 30 rd. : how much 
remained in all ? 

7. The longitude of New York is 74° V 6" west from Green- 
wich, and that of St. Louis is 90° 15' 16" west: what is the 
difference of longitude between the two places ? 
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8. The latitude of St. Paul's Cathedral, in London, is 61^ 31 
north, and that of the City Hall, New York, is 40^ 42' 43" north : 
required the difference of latitude between the two places. 

9. From ^ a ton take | cwi 

10. From 27 days take | of an hour. 

COMPUTING TIME. 

246.— I. To find the interval of time between two dates- 

Example. What; is the difference in time between Januaiy 
20th, 1856, and April 12th, 1871 ? 

OPERATION. Explanation. — Representing the months by 

yr. mo. da. their numbers instead of their names, the proposi- 

1871 4 12 tion is simply to find the difference between two 

1856 1 20 compound numbers. The later date « forms the 

• minuend, and the earlier the subtrahend. We 

15 2 22 therefore subtract as in compound numbers, 
allowing 80 days for a month, and 12 months for 
ayear^ 

This rule will not give the exact number of days in the interval, except 
when the months passed average 30 days each. But, when it is required, 
the error can be corrected as shown below. 

Example. Find by this method the number of days from 
January 17th to August 28th, 1871. 

Note.— 7 mo. 11 da. = 221 days, 
reckoning 80 days to the month. 
But the excess over 30 is, — for Jan- 
uary, 1 ; March, 1 ; May, 1 ; July, 1 
= 4 ; and the deficiency for Febru- 
ary is 2 ; 4 — 2 = 2. Therefore, we 
must add 2 to 221, which makes it 
228, the exact number of days in 
the interval. The 7 months passed 
contain, 81 + 28 + 81 + 80 + 31 + 
80 + 81 = 212 days ; and 212 -*- 80 . 
= t^^\ that is, the 2 remainder shows the excess in the number of days 
over the number found by the rule; in other words, the months average 
30 days each, with 2 over. ^ t 
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mo. 
8 
1 


OPERATION, 
da. 
28 
17 


7 11 = 221 days. 
Add for correction 2 " 

Correct Arts. 223 
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217.— 11. Practical Method of finding the number of 
days between two dates within a short period. 

Example. What is the number of days from March 18th to 
September 25th in any year ? 

13 days remaining in March. 



30 




in April, 


31 




" May, 


30 




" June, 


31 




" July, 


31 




" August, 


25 


<C 


" September to the 25th inclusive. 


191 


daySj 


, Am. 



Note. — The legal period of time within which an act is to be done, or 
a contract performed, is always computed /row the date of the instrument, 
order, or contract, or from a day otherwise specified therein ; that is, that 
day is exduded, and the time begins with the following day. For exam- 
ple, a promissory note dated September 5th, payable in 13 days after date, 
including grace, is due September 18th ; 5 ^H 13 = 18. The day of the date 
is excluded, and the day of maturity included. 

218.— III. To find the time a Promissory Note or DraA 
has to run fix>m any given date. 

Example. A promissory note dated January 8th, 1871, paya- 
ble in 90 days, was discounted March 16th: what time had it 
to run from the day of discount ? 

OFERATiON. EXPLANATION. — By Subtracting the time 

23 the note has run from its date, from the time 

28 93 it had to run, we obtain the answer directly, 

16 67 31 — 8 = 23, the number of days after its 

— — date in January. There are 28 days in 

67 26 days, Ans. February, and, including the discount day, 
16 days have passed in March. 23 + 28 + 
16 = 67 ; 93, the whole time, including 3 days* grace, less 67, equals 26, Ans. 

NoTEa — 1. It is the custom with banks in several States to include both 
khe day of discount and the day of maturity, in reckoning the discount on 
commercial paper, ^ t 
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2. When the lime in promissory notes and drafts is expressed in months, 
it is always«construed to mean calendar months, with reference to the 
maturity of the paper ; but banks, even in that case, usually compute the 
discount by days. 

249. The number of days between any two dates, within a 
year, may also be readily ascertained by the use of the following 

Table, 

Showing the number of days from any day of one month to the 
corresponding day of any other month within one year. 



FROM ANT 
DAT OF 



January . . . . 
February. . . . 

March 

April 

May 

June 

July 

August 

September. . . 

October 

November. . . 
December. . . 



TO THE CORRESPONDINO DAT OF 



JAN. FKB. MAB. APR. MAT. JTTNX. JULY. AUG. SEPT. OCT. NOT. DKO. 



365 
334 
306 
275 
245 
214 
184 
153 
122 

'^ 

31 



81 
865 
337 
306 
276 
245 
215 
184 
153 
123 
92 
62 



365 
384 
304 
273 
243 
212 
181 
151 
120 
90 



90 
59 
31 
865 
335 
304 
274 
243 
212 
182 
151 
121 



120 

89 

61 

30 

365 

334 

304 

273 

242 

212 

181 

151 



151 

120 

92 

61 

31 

365 

335 

304 

273 

243 

212 

182 



181 

150 

122 

91 

61 

30 

365 

334 

303 

273 

242 

212 



212 

181 

153 

122 

92 

61 

31 

365 

834 

304 

273 

243 



243 
212 
184 
153 
123 



31 
365 
335 
304 
274 



273 

242 

214^ 

183 

153 

122 

92 

61 

30 

365 

334 

304 



304 

273 

245 

214 

184 

153 

123 

92 

61 

31 

365 

885 



384 

303 

275 

244 

214 

183 

153 

122 

91 

61 

30 

365 



Illustration. — How many days from March 13 to July 23 ? In the 
column of months on the left, we find March^ and opposite, in the column 
of figures headed Jvly^ stands 122, wjiich is the number of days from any 
day in March to the corresponding day in July. Therefore, from the 13th 
of Mardi to the 13th of July it is 123 days ; and to July 23d, it is 10 days 
more ; 122 + 10 = 132, Ans. 

If the later date be an earlier day of the month than*the earlier date, 
subtract from the number found in the table the requisite number to give 
the correct result In a leap-year, add or subtract one, as the case may 
require, for the 29th day of February. 

Another very conyenient time-table will be found on page 293 



Examples foe Practice. 

1, The American civil war was begun April 11, 1861, by the 
attack on Fort Sumter, and closed with the surrender of 
General Lee, April 9, 1865 : how long did the war continue ? 
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2. The war between England and the American colonies was 
commenced April 19, 1775; the Declaration of Independence 
was signed Jnly 4, 1776, and peace was restored January 20, 
1783 : how long before the signing of the Declaration did the 
war commence ? and how long did it continue ? 

3. When will a note dated March 11, payable three months 
after date, fall due ? If made payable in ninety days, when will 
it become due? 

4. A note at sixty days, dated August 15, is discounted Sep- 
tember 9 : for how many days should discount be charged, not 
including the day of discount ? 

5. Shakespeare was bom April 23, 1564 : how long from that 
time to the present ? 

6. Marco Bozzaris, the Grecian patriot, made his celebrated 
attack upon the camp of a Turkish pacha, August 20, 1823. 
The independence of Greeq^ was acknowledged September 14, 
1829 : what is the difference between these two dateiP 

7. Suppose a draft payable 30 days after sight, and accepted 
July 6, 1871, to be discounted July 20: how many days^ dis- 
count should be charged, including in the time the day of dis- 
count ? 



MTILTIPLIOATIOM" OP COMPOUND NUMBERS. 

250. Example. Multiply 16 T. 14 cwt. 23 lb. 8 oz. bv 7. 

OPERATION. ANALTSiB.--Begmnmg with the lowest 

T. cwt. lb. oz. denomination, we multiply the numbers 

16 14 23 8 separately in order, and carry according to 

7 the scale of the multiplicand, as in addition. 

Thus, 7 times 8 oz. = 56 oz. = 3 lb. 8 oz. ; 

116 19 64 8 and, writing the 8 oz. underneath, we mul- 
tiply the next number, and to the product 
Add the 8 lb. ; and so continue to the highest denomination. 

251. When the multiplier is large, and is a composite number, 
we may multiply successively by its component factors. 
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OPERATION. 


t. 


(f. 


17 


9 




7 


6 4 


3 




6 


£37 5 


Q,Am. 
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Example. What will 42 yards of broadcloth cost, at Vts, M. 
per yard ? 



Analysis.— 43 = 7x6. Therefore, we mul- 
tiply first by one of theae factors, and the prod- 
uct thus obtained by the other. 



252. So, when the multiplier is a prime number, we may 
multiply by the component factors of any part of it, and then 
by the other part, and add the products. 

Example. What is the value of 69 tons of iron, at £15 135. M. 
per ton ? 

OFEBATiON.* ANALYSIS. — 59 Is a prime num- 

£ t, ^. ber, and is equal to the composite 

15 13 6 number 56, plus the prime num- 

8 ber 3 ; or 8 X 7 + 3 = 59. We 

niay, therefore, find the value of 

125 8 = value of 8 tons. 56 tons by multiplying by the 

. 7 component factors of 56, and of 3 

tons by multiplying the price of 

877 16 = value of 56 tons, one ton by 3. The sum of these 

47 6 = value of 3 tons. is tlie value of 59 tons. We might 

find the value of 60 tons by multi- 

£924 16 6 = value of 59 tons, plying by 10 and 6, and then sub- 

ti-act the price of one toi;. 

Examples foe Practice. 

1. Multiply 3 mi. 7 fur. 27 rd. 12 ft. by 42. 

2. What quantity of wood is there in 17 piles, each containing: 
3 cords 75 cubic feet ? 

3. Multiply 14 lb. 8 oz. 16 pwt. by 29. 

4. Multiply 4? A. 3 B. 14 P. 12 sq. yd. by 53. 

5. Multiply £13 lU. M. by 14|. Ans. £195 hs. M. 
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Note. — The multiplicand may be reduced to pence, or the shillings 
and pence to the decimal of a pound, before multiplying ; or, it may be 
multiplied as it stands, by the whole number, and then by the fraction. 

6. What IS the length of a fence which incloses a square field, 
each side of which is 37 rd. 7 yd. 2^ ft long ? 

7. The tropical or solar year is exactly 365 da. 5 h. 48 nu 
49.7 sec. What time is lost in the calendar in 4 years by reck- 
oning 365 days as one year ? What time will be gained or lost 
in 100 years, if every fourth year be reckoned 366 days ?" 

Ans. Lost in 4 years, 23 h. 15 m. 18.8 sec. 

Gained in one hundred years, 18 h. 37 m. 10 sec. 

8. Bought of Markland & Wells, London, 2 cases Worcester- 
shire sauce, pints, each 5 doz., at 22^. per doz. ; 3 cases do., 
|- pints, each 10 doz., at 125. per doz. The charges added were, 
for 5 cases, 175. 6d, ; commission, II5. 5d. ; consul's certificate, 
II5. 6d.; and a discount was allowed of £6 125. 3d.: what was 
the total amount of the invoice ? 

9. Ifultiply 17 T. 5 cwt. 3 qr. 13 lb. by 18. 

10. Multiply 9 lb. 3 5. 4 3. 2 3. by 7. 

11. Multiply 112° 15' 15" by 40. 

12. How many pounds Troy are equal to 100 lbs. Avoirdu- 
pois ? 

DIVISION OF COMPOUND NUMBEES. 

253. Example. Divide 57 mi. 3 fur. 36 rd. 14 ft. 6 in. by 6. 

Analysis. — Commencing with the highest 
denomination, we divide 57 mi. by 6, and get 
9 as the quotient, with 3 remainder. Writing 
the 9 under the number divided, we reduce 
9 4 26 2 5 the remainder to the next lower denomina- 
tion ; 8 mi. = 24 fur. To this we add the 3 in 
the dividend, and divide their sum, obtaining tlie quotient 4, with 8 remain- 
ing. Continuing the division in this way to the lowest denomination, the 
entire quotient is found to be 9 ml. 4 fur. $0 rd. 2 ft. S^Jn.^^^ ^ GoOqIc 





OPERATION. 




mt. 


far. 


rd. 


ft. 


in. 


6)57 


3 


36 


14 


6 
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251. When the divisor is large, the work may be performed 
by long division ; or, if it is a composite number, by dividing by 
its factors in succession. 

Example. Divide £437 10s. dd. equally among 32 persons. 

OFERATIOK. 



£. t. d. 






32)437 10 9(£13 


13s. bd. 2ifar. 


32 






117 






96 






21 £ rem. 




• 


20 




■v 


430s. 




«. t. d. 


32 


Or, 


8)437 10 9 


110 




4)54 13 lOJ 


96 










£13 13 6 


14s. rem. 






12 






llld. 






160 






ltd. ram. 






4 






68 /an 






'64 







4/ar. rem. 

255. When the divisor is a mixed number, both dividend and 
divisor must be reduced to the same denomination as the frac- 
tioii of the divisor, before dividing, But, in multiplying the 
dividend by the denominator of the fraction, it is not necessary 
to carry, as in other cases. Each denominate number may be 
multiplied as a simple number. ,.g,^^, by Google 
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Example. Divide £151 19s. Hid. by 3^. 

OPERATION. The same, by the ordinary method 

of multiplication. 
£. *. d, far. £. #. rf. far, 

' 3^)151 19 11 1 3i)161 19 11 1 

2 2 



1)3i)i 38 22 2 7)303 19 10 2 



£43 8 6 2^ £43 8 6 2^ 

Examples foe Peactiok 

1. Divide 37 T. 1400 lb. 13 oz. by 8. 

2. Divide 17 lb. 11 5. 4 3. 2 9. 7 gr. by 17. 

3. Divide 18 A. 2 E. 7 rd. 3 yd. 3 ft. by 6. 

4. Divide 372 da. 21 h. 13+ m. by 75. 

6. If 1777 acres of land be equally divided between 7 persons, 
how nyich will each receive ? 

6 Divide 54 lb. 10 oz. 19 pwt. 23 gr. by 9^. 

7. How many cords of wood are there in a pile 24 feet long, 
6 feet wide, and 4 feet 6 inches high ? 

8. Divide 242 cu. ft 6 cu. in. by |. 

9. Divide 48 d. 11 h. 30 m. 10 sec. by the decimal .6. 

# 
Miscellaneous Examples in Compoukd Numbebs. 

1. Reduce 1 mile to feet. 

2. How many statute miles are there in the circumference of 
the earth ? 

3. Eeduce 76 ch. 14.5 1. to inches. 

4. A certain tract of land is 75 ch. 3 1. long, and 18 ch. 20 1. 
wide : how many acres does it contain ? 

5. How many square feet are there in a board 14 feet long 
and 18 inches wide ? ^ 
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6. How many bricks 8 in. long, 4 in. wide, and 3 in. thick, 
will it take to pave a yard 16 ft. 8 in. long by 8 ft. 4 in. wide? 

Ans. 625. 

7. What is the value of .3 of 12 cwt ? 

8. Divide 17 d. 3 h. 30 m. by f 

9. Divide 13 S. 15° 40' by ^. 

10. Suppose the temperature on a certain day at St. Peters- 
burg to be 8° E. : what is it on the scale of Fahrenheit ? 

Ans. 50°. 

11. If the Fahrenheit thermometer marks the temperature 
at 13° below zero, what will be the corresponding degree on 
Thermometre Centigrade ? Ans. 25° below zero. 

12. Suppose a clock to mark the correct time at 10 o'clock 
A.M. on Monday, and gain 2 seconds per hour: how much too 
fast will it be the next Saturday at 7 o'clock p.m. ? 

Ans. 4t min. 18 sec. 

13. What is the difference between .025 of a ton and .6 of a 
pound? 

14. Reduce 135. 6d. to the decimal of £1. 

15. Eeduce 7 oz. 12 pwt. 16 gr. to the decimal of a pound. 

16. Eeduce .16 of a year of. 365 days to integers of lower 
denominations. 

17. If a horse consume 3|- bushels of oats per week: how 
many bushels will he require from the 9th day of November to 
the 15th day of April in a leap-year? Ans. 79. 

18. A grocer sold 2 cwt. 3 qr. of sugar, at retail, and weighed 
it on scales which gave ^ oz. short of the true weight on every 
pound: of how much money did he defraud his customers, 
reckoning the sugar at 15 cts. per pound ? ^ A71S. $1.33^. 

19. If the wheel of a carriage be 15 ft. 6 in. in circumference, 
how many revolutions will it make in running a mile ? 

20. The velocity of sound is 1142 feet per second: how far 
distant is a cloud from which a flash of lightning comes 12 
seconds before the thunder is heard ? 
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THE METRIC SYSTEM. 

256. The Metric System of Weights and Measures, first 
adopted by France, was in 1866, by Act of Congress, authorized, 
or made lawful in the United States. It has also been legalized 
in Great Britain, Spain, Belgium, Portugal, Holland, Austria, 
Greece, Italy, Turkey, Norway, Sweden, Switzerland, and in 
some of these countries exclusively adopted ; and, also in Mexico, 
Guatemala, Venezuela, Ecuador, United States of Colombia, 
Brazil, Chili, San Salvador, and the Argentine Republic. 

257. The cosmopolitan character of the system, and the im- 
portance of a uniform standard of weights and measures among 
the civilized nations, will, it is believed, in time, lead to its 
universal use over a large portion of the globe. 

258. The Metre, or unit of length, on which the system is 
based, and from which its name is derived, is, or was originally 
intended to be, a ten-millionth part of a quadrant of the earth's 
circumference, or the distance from either pole to the equator. 
It is eqjial to 39.37079 United States inches. 

This distance was computed from a very accurate survey of 
the length of an arc of the meridian' between Dunkirk and 
Barcelona, made by MM. Delambre and Mechain, and other 
surveys and measurements, and the metre derived from this 
natural base was marked by two very fine parallel lines on a 
platinum bar, at the temperature of the maximum density of 
water (or 4** Centigrade nearly), which was deposited in the 
national archives of France. 

Investigations made since the metre was thus fixed, seem to 
show that it is not absolutely correct, when referred to the 
natural standard, being a minute fraction too small. For the 
standard, therefore, as now established, reference must be had 
to the bar on which it is preserved, ^ . 
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259. The Unit of Area is called the Axe, and consists of a 
square whose side is 10 metres; that is^ it contains 100 square 
metres. 

260. The Unit of SoUdity is called the Stere, and is a 

cube whose edge is one metre. 

261. The Unit of Capacity is called the Litre, and is equal 
in volume to a cube whose edge is one-tenth of a metre. 

262. The Unit of Weight is called the Gramme> and is 

the weight of a' cube of distilled water (weighed in a vacnnm, 
4° d, or 39.2^ F.) whose edge is one-hundredth of a metre. 

NOMENCLATUBE OF THE SySTEM. 

263. From the standard units thus established^ are derived 
their multiples and subnlultiples, which are named systematic- 
ally to express units of a higher or lower order upon a decimal 
scale. The names of the derivative units are formed by prefix- 
ing to the names of the standard units: — 

1st. For the multiples, or integers of higher orders, the Greek 
numerals, 

Deca, 10, 

Hecto, 100, abbreviated from TieecUonj 
Kilo, 1000, " " kiUoh 

My ria, 10000. 
2d. For the submultiples, or decimals, the Latin ordinals, 

Dec!, 10th, abbreviated from decimus, 
Centi, lOOth, " ^ " eentmmus, 
MilU, 1000th, " " miUmmus. 

Hence, decametre signifies 10 metres ; decagramme, 10 grammes ; hecto- 
metre, 100 meti'es ; hectogramme, 100 grammes, etc. ; and, decimetre signi- 
fies iV of a metre ; centimetre, Ttriy of a metre, and so on, by a miifonn 
decimal system. « 

Tables. ^ 

261. The following are the principal tables of weights and 
measures. The standard units are printed in small capitals; 
the denominations above are integers ; those belag^ decimals. 
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LiKEAE MeASUBE. 







1 Millimetre 


= 


.03937079 inch. 


10 Millimetres 


= 


1 Centimetre 


= 


.8987079 


(f 


10 Centimetres 


= 


1 Decimetre 


= 


8.987079 


inches. 


10 Decimetres 


= 


1 Metre 


= 


8.2808992 


feet 


10 Metres 


= 


1 Decametre 


= 


32.808992 


u 


10 Decametres 


r^ 


1 Hectometre 


= 


19.927817 


rods. 


10 Hectometres 


= 


1 Kilometre 


= 


.6213824 


mile. 


10 Kilometres 


= 


1 Myriametre 


= 


6.213824 


miles. 



The Metrcy which is the unit, is equal to 89.37079 inches = 3.2808993 
feet = 1.0936881 yards, United States measure. The Hectometre is 20 rods, 
nearly ; the Kilometre, about f of a mile. 



265. 



Square Measure. 



1 Centiare (1 Square Metre) = 1550.0591 sq. inches. 

100 Centiares = 1 Are = 119.6084 sq. yards. 

100 Ares = 1 Hectare = 2.47114 acres. 

The Are, which is 100 square metres, or a square decametre, is the unit^ 
and is equal to 119.6084 square yards, United States measure. This meas- 
ure is used in measuring lands, etc. The lower denominations are not 
used. 



266. 



Solid Measure. 



10 Decisteres = 
10 Steres = 



1 Decistere = 6102.705151 cu. inches 
1 Stere = 85.31658 cu. feet 

1 Decastere = 358.1658 '* " 
The 8iere, which is a cubic metre, is the urUt, and is equal to 85.81658 

cubic feet. United States measure, = 1.808 cubic yards = .2759 cord. The 

lower denominations are seldom used. 



267. 



Measures of Weight. 





1 Milligramme 


= 


.0154824874 


grain. 


10 Milligrammes 


= 1 Centigramme 


= 


.154824874 


u 


10 Centigrammes 


= 1 Decigramme 


= 


1.54824874 


grains. 


10 Decigrammes 


= 1 Gramme 


= 


15.4824874 


(C 


10 Grammes 


= 1 Decagramme 


= 


.8527398 


oz. Avoir. 


10 Decagrammes 


= 1 Hectogramme 


= 


8.527398 


oz. ** 


10 Hectogrammes 


= 1 Kilogramme 


= 


2.20462125 


lbs. ** 


10 Kilogrammes 


= 1 Myriagramme 


= 


22.0462125 


l( u 


10 Myriagr'sor 
100 Kilogrammes 


= I Quintal 


= 


220.462125 


(( M 


10 Quintals or 


= 1 Tonneau 


— 


2204.62125 


li il 
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The Gramme is the unit, and is equal to 15.43234874 grains, or a little 
more than i a dram Avoirdupois. 

33 grammes are very nearly equal to 1 ounce Troy. 15 grammes are 
taken as i oz. at the United States Post-Offlces. A kilogramme, a common 
weight in trade, is a small fraction over 2i lbs. Avoirdupois. A MiUier, or 
TarmeaUy is about 204 lbs. more than a short ton, and 36 lbs. less than a 
long ton. 

268. Measures of Capacity. 

1 Millilitre = .0610270515 cu. inch. 

» MilliUtres = 1 Centilitre = .610270515 " " 

iO Centilitres = 1 Decilitre = 6.10270515 cu. inches. 

10 Decilitres = 1 Litre = 61.0270515 " ** 

10 Litres = 1 Decalitre ~ 661.0270515 " " 

10 Decalitres = 1 Hectolitre = 6610.270515 " 

10 Hectolitres = 1 Kilolitre = 6102.70515 '* « 

10 Kilolitres = 1 Myrialitre = 61027.0515 " " 

The Litre, or cube of a decimetre, is the unit of capacity, both of Liquid 
and Dry Measure. It contains 61.027 + cubic inches, and is equal to 
1.05673 quarts, United States wine measure, and .9081 quart diy measure. 
The HeetoUtre is equal to 100 Liti'es, or 2.8379 bushels dry measure. 



Examples. 

1. Write 4 metres and 5 centimetres.' Ans. 405 m. 

2. Write 3 grammes, 6 decigrammes, and 8 centigrammes. 

Ans. 3.68 g. 

3. Write 17 litres and 7 decilitres. Ans, 17.7 1. 

4. Write 85 ares and 15 centiares. Ans, 85.15 a. 

5. Eeduce 375 centimetres to metres. Ans, 3.75 m. 

6. Eeduce 50 kilogrammes to grammes. Ans, 50000 g. 

7. Eeduce 7 hectometres and 36 centimetres to metres. 

Ans. 700.36 m. 

8. Eequired the cost of 30 metres and 5 decimetres of silk, afc 
10 francs per metre. Ans. 305 francs. 

9. Bought 4 decares of land, at $75 per are : what was the 
cost? Ans. $dOOO. 
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LO]S"GITITDE AE^D TIME. 

269. The Iiongitude of a place on the globe is its distance 
in degrees, either east or west, from a given meridian, measured 
on the equator, or a parallel circle. 

270. Longitude is reckoned from a meridian which is taken 
arbitrarily. The English and Americans (usually) reckon from 
that of the Koyal observatory at Greenwich ; the French* from 
Paris; and in other countries different meridians are chosen, 
chiefly those which pass through their capitals. The meridian 
of Washington is sometimes used in this country. 

271. The meridian thus selected as the base is called the prime 
or firsl meridian, and its longitude is marked 0°. Places east 
of this are in East Longitude, and places west, in West Longi- 
tude. 

272. The diurnal revolution of the earth on its axis from 
west to east, causes the apparent motion of the sun from east to 
west, round the earth, or over 360 degrees of longitude, every 
24 hours. Hence, the difference of time between any two places 
may be determined from their difference of longitude, and tdce 
versa* The sun passes over 

sec of longitude in 24 hours, 



15' 


(( 


(( 


(t 


1 " 


15' 


t< 


(i 


t( 


1 minute, 


15" 


it 


(( 


€1 


1 second. 


1' 


(( 


(i 


tt 


4 minutes, 


1' 


ii 


(( 


(i 


4 seconds. 



Heuce, 

273. To find the diflference of time between two places, 
from their difference pf longitude. 

RujiE. — Divide the difference of longitude^ expressed in degrees, 
minutesj and seconds, by 15; the quotient will be the diff^enoe 
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of time in hours, minutes, and seconds : or, multiply the differ- 
ence of longitude in degrees and minutes, by 4 ; and the product 
will be the difference of time in minutes and seconds. 

And, 

274. To find the difference of longitude between two 
places, from their difference of time. 

EuLjE. — Multiply the difference of time, ea>pressed in hours, 
minutes, and seconds, by 15 ; the product will be the difference 
of longitude, in degrees, minutes, and seconds ; 

Or, divide the difference of time, in minutes, and seconds, by 
4, and the quotient will be the difference of longitude, in degrees 
and minutes. 

Notes. — 1. In the foUowilig problems the meridian of Greenwich is 
taken as the first meridian. 

2. Longitudes are usually reckoned to 180", and no further. Thus, a 
motion in longitude of 185** east, will bring the traveller into 175° west 
longitude. 

3. As longitude is either east or west, the diflference of longitude between 
two places, one east and the other west, will be the sum of their longitudes, 
when that sum does not exceed 180" ; but when it is greater than 180°, it 
will be the difference between their sum and 360°. 

275. Since the sun apparently moves from east to west, the 
time at any given instant, at one place, will be earlier than the 
time at any place. east of it, and later than the time at any 
place west of it. For example, when it is noon here, it is 
past noon everywhere east, and before noon everywhere west 
of our meridian. Therefore, if the difference of time between 
tigo places be added to the time at the westerly place, the sum 
will be the time at the easterly place ; and, if this difference 
be subtracted from the time at the easterly place, the remainder 
will be the time at the westerly place. 

At sea, the time at Greenwich, or other place from which longitude is 
reckoned, is kept by a chronometer. The navigator, by an astronomical 
observation, determines the time at his ship, and comparing it with that 
marked by his chronometer, ascertains the longitude of his ship. 
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Examples. 

1. The longitude of the City Hall, New York, is 74° 1' 6" west, 
and of Independence Hall, Philadelphia, 75° 9' 54" west : what 
is the difference of time between the two places ? 

Solution: 75° 9' 54" 
74° 1' 6" 



15)1° 8' 48", difference of longitude. 
4 m. 35^ sec, difference of time. 

2. The difference of time between London (St. Paul's Cathe- 
dral), and New York (City Hall), is 4 h. 55 m. 41-|- sec: what 
is the difference of longitude ? 

h. m. Bee. 

Solution: 4 55 41^ 
15 



73° 55' 28" difference of longitude. 

3. Boston* is 70° 3' 58", and Philadelphia 75° 9' 54" west Ion- 
gitude : when it is noon at Philadelphia, what is the time at 
Boston ? Ans. 20 m. 23|^ sec past 12 o'clock, m. 

4. The longitude of San Francisco (Point Boneta Light) is 
122° 31' west, and of Melbourne, Australia, 144° 59' east longi- 
tude : what is the difference of time? Aiis, 6 h. 10 m. 

5. A gentleman travelling from Halifiix, !N"ova Scotia, to 
Charleston, S. C, finds his watch 1 h. 5 m. 8 sec. faster than 
the time at Charleston. If his watch gives the correct time at 
Halifax, Avhich is in longitude 63° 35' west, what is the longi- 
tude of Charleston ? 

6. The longitude of Cincinnati, C, is 84° 24' west, and of St. 
Louis, Mo., 90° 15' 16" west: what is the time at St. Jjouis whep 
it is half-past 5 o'clock a.m. at Cincinnati ? 

7. Pekin, China, is 116° 27' 30" east, and Washington, 77^' 
1' 30" west longitude. At 10 o'clock a.m., Washington time, 
what is the hour at Pekin ? Ans. 9 h. 6 m. 8 sec. p.m. 
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DUODECIMALS. 

276. Duodecimals are denominate fractions of a foot^ formed 
by dividing the unit into 12 equal parts, caUed inches or primes, 
and these again into 12ths, called seconds, and so on indefinitely. 

277. In their use the denominators are omitted and the 
numerators are treated as Compound Numbers. The scale of 
increase and decrease is uniformly 12. 

278. The denominations are marked by indices; thus, 1 inch, 
or prime, is written 1'; 1 second, 1"; 1 third, 1'", etc. 

279. The unit value of the different orders is as follows : — 

1' (inch or prime) = i»y of a foot, or 1 in. linear measure. 

1" (second) or Vy of -Ar = rir of a foot, or 1 in. square measm*e. 

1'" (third) or 1^ of tV of tV = -nVr of a foot, or 1 in. cubic measure 

Table. 

12 fourths ("") make 1 thud 1'" 

12 thirds '* 1 second 1" 

12 seconds " 1 prime 1' 

12 primes " 1 foot ft 

280. Duodecimals are employed chiefly by artificers in com- 
puting the superficial and solid contents of their work. 

NoTB. — The word dtu?decimal is derived from the Latin word dttodedm^ 
which signifies twelve. 

ADDITION AND SUBTRACTION. 

281. Duodecimals are added and subtracted in the same man- 
ner as Compound Numbers. 

Examples. 

1. Add 7 ft 3' 8" 5"', 9 ft 4' 11" 3'", 16 ft 9' 10". 

Ans. 33 ft 6' 5" 8'". 

2. What is the sum of 13 ft 2' 3" 4"', 21 ft 11' 9" 10'", and 
11 ft 9' 0" 6'"? ^ T 
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3. Prom 19 ft. 6' 9" 3'", take 14 ft. 5' 11" 6'". 
4 From 43 ft. 5', take 27 ft. 6' 4". 

5. Add 37 yds. % ft. 3', 14 yds. 1 ft. 11' 10", and 2 ft. 9'. 

6. From 15 ft. take 9' 3". 

MTTLTIPLIOATIONT OF DTJODEOIMALS. 

282. The Multiplication of Duodecimals is similar to 
that of Componnd Numbers. 

283. The Denomination of the product of any two or more 
factors is indicated by the sum of their indices, for, 

1'x1=Ax1=tV=1' 

1" X 1 = Til X 1 = Tb = 1" 

1' X V = ^ X -At = Tir = 1" 
t" X r = Ttr X -At = -n>rT = 1"' 

NoTB. — Scientifically speaking, it is absurd to say that one concrete 
number can be multiplied by another ; as, 2 feet by 3 inches. Yet, as a con- 
venient mode of expression, we say, feet multiplied by primes produce 
primes ; inches by inches, seconds, etc. These expressions mean that units 
multiplied by 12Uis produce 12ths, and 12ths by 12ths, 144ths, etc. 

284. The definition of Duodecimals as Denominate Fractions 
clearly describes their character; and, from a knowledge of 
common fractions, the denomination of any product may be 
Aasily determined, as shown above. 

Examples. 
1. Multiply 14 ft. 6 in. by 7 ft. 3 in. 

OPERATION. Ai^ALTSis. — Beginning at the right, 6' x 8' 

14 ft. 6' (A X A = T%) = 18" = r 6". We write the 6" 

~ x» of one place to the right, and carry the 1' to the next 
product. Then, 14 x 3' + 1' = 43' = 3 ft. 7', 

3 ft. 7' 6" which we write in their order. Next 6' x 7 = 

101 ft. 6' 42' = 3 ft. 6'. Writing the 6', we carry the 3. 

Finally, 14 x 7 + 3 = 101. The sum of these 

106 ft 1' 6" partial products is the required product, which 

is 105 ft 1' 6". Digitized by Google 
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Examples for Practice. 

1. What is the product of 37 ft. 9 in. multiplied by 8 ft. 10 in. ? 

2. What is the area of a marble slab 6 ft. 7' 3" long, and 2 ft. 
4' 9" wide? 

3. How many square feet in 8 boards, each 14 ft. 6 in. long, 
and 1 ft. 3 in. wide ? 

4. A certain room is 20 ft 6 in. long, 18 ft 6 in. wide, and 
9 ft 6 in. high. What will it cost to plaster the walls and 
ceiling, at 25 cents per square yard ? 

6. Multiply 14 yds. 3 ft 2' by 6 yds. 2 ft 3'. 

6. How many cords in a pile of wood 42 feet 6 inches long, 
4 feet wide, and 5 feet 6 inches high ? 

Contracted Method. 

285. A product practically correct to a given denomination 
may be obtained by the following method. 

Example. 

1. Multiply 14 ft 2' 4" 9'" by 3 ft 5' 6" 3"', extending the 
product only to seconds. 

operation. Analysis. — ^We write the multi- 

14 ft 2' 4" 9'" P^^®' ^ reversed order, with the in- 

,„ „ ' , „ teger, 3, under seconds in the miil- 

tiplicand, the denomination to which 
the multiplication is to be extended. 
"We then multiply 4" by 8, and car- 
ry 2", which results from multiply- 
ing 9'" by 3, the remainder 3'" being: 
rejected. Next, we multiply each 
term of the multiplicand to the left 
49 ft. 1' 6 — " H- in order by 3, and carry in the usual 
way. Then we multiply by 5', re- 
jecting all the terms of the multiplicand to the right, but carrying 2" 
because 5' x 4" = 20'" = 1" 8"', which is nearer 3" than 1^ 141^6'" 4- 
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1" (carried) = 85" = r 1". Lastly, 14x3"' = 42'" = 3" + . The sum 
of these partial products is the required product approximately correct 
It will be seen by an examination of this process that all the factors which 
would produce fourths are rejected, those which would give thirds are only 
considered in carrying, and all the higher terms are multiplied together in 
regular order. The answer is correct within a second. The true product 
is 49 ft. r 6" 8'" 8"" 2'"". 

Examples foe Practice. 

1. Multiply 9 ft. %' 6" 7'" by 3 ft. 5' 8" 10'", extending the 
product only to seconds. 

?. Multiply 17 ft. 4' 3" 2'" by 6 ft. 8', to find the product cor- 
rect to primes. 

3. Find the cubical contents of a block of marble 6 ft 3 in. 
long, 2 ft. 4 in. wide, and 2 feet thick, correct within an inch. 

DIVISION OF DUODECIMALS. 

286. Since Division is the reverse of Multiplication, the de- 
nomination of the quotient arising from dividing one duodeci- 
mal by another may be readily determined by suUraciing the 
number of indices in the divisor from the number of the divi- 
dend. Thus 6" -f- 3' = 2'. The quotient is greater than the 
dividend, for yj^ "^ A = tIi x ¥ = A = 2'- 

Example. 

1. Divide 13 ft V 6" by 5 ft 3'. 

OFBRATiON. ANALYSIS.— Fh^st, 5 IS Contained 

5 ft. 3') 13 ft. 1' 6"(2 ft 6' 1" ^^f ^^-"^ y'f * 'TTt\' 
^ f therefore, we infer that 13 ft. 1' 

1^ "• " will contain 5 ft. 3' 2 times, and we 

J -^ place 2 in tlie quotient, and multi- 

2 ft. 7 6 ply the whole divisor by it, ob- 

2 ft. 7' 6" taining the product 10 ft. 6'. Sub- 

trlicting this from 13 ft. 1', and 



bringing down the next term, we have 2 ft. 7' 6" to be divided. Now 
since 5 is greater than 2. we rgdnce the 2 ft. to primes (mentally) and add 
7', making 31'. Then 5 is contained in 31 6 times, and we place 6' in the 
quotient, and multiply as before. The product is 2 ft. 7' 6", and there is 
no remainder. Hence, 2 ft. 6' is the quotient. 
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Examples for Peacticb. 

1. Divide 34 ft 7' 7" 6'" by 4 ft 9'. 

2. There are 8 ft 5' 3" in the surface of a marble slab, the 
length of which is 3 ft 9' : what is its width ? 

3. A block of granite is 3 ft. 2' wide, 2 ft 11' thick, and con- 
tains 135 cu. ft. 10' 2" 1'": what is its length? 

4. Divide 48 ft. 5' 1" 1'" 6"" by 3 ft. 4' 6". 

5. Divide 108 ft 9' 9" 9'" 6"" by 4 ft 3' 2". 

6. How many bricks, 8 inches long, 4 inches wide, and 2 
inches thick, are there in a wall 24 feet long, 12 feet high, and 
1^ feet thick ? 

7. How many square yards of carpeting will it require to 
cover a floor 18 ft 6' long, and 12 ft 4' wide ? 

8. A certain garden is inclosed by a brick wall 15 inches 
thick and 8 feet high. The inclosure, inside of the wall, is 50 
yards long and 30 yards wide : how many cubic feet are in the 
wall ? Ans. 4850 cubic feet 

9. Required the cost, at 130 per thousand, of 4 boards, meas- 
uring as follows : one, 14 ft 10' by 1 ft 3' ; one, 18 ft 3' by 1 ft 
4'; one, 16 ft 8' by 1 ft 6' ; one, 14 ft by 9'. 

10. Eequired the thickness of a block of granite, in the form 
of a parallelopipedon, one of whose surfaces contains 25 ft 10' 4"*. 
and whose solid contents are 64 ft 2' 10". 

11. Divide 18 ft. 3' 11" 3"' by 7. 

12. Three men own two piles of wood in equal shares. The 
first is 8 ft & long, 3 ft. 4' high, and 4 feet wide ; the second 
is 10 ft 5' long, 4 ft 8' high, and 4 ft wide. Eequired each 
one's share. 

13. How many cords of wood are there in a pile of wood 15 
feet long, 4 feet wide, and 6 feet 6 incites high ? 

14. Eequired the cost, at 20 cents per square yard, of plaster- 
ing a room, the length of which is 30 ft 6 in., the width 22 ft 4 
in., and height of ceiling 9 ft 3 in. pigi,,,, byGoogle 
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PEECEIifTAGE. 

287. Percentage is a cliarge^ allowance, or estimate, of a 
certain number of units on every hundred in a given number 
or quantity. 

288. The term Per Cent, is a contraction of the Latm 
words per centum, and signifies ly the hundred. Therefore, any 
per cent of a number is so many hundredths of it ; 1 per cent, 
is T^TT 5 ^ P^r cent., yfy, etc. 3 per cent, of 1150 is yfj- of $150, 
or $4.60 ; and 5 per cent of 80 bushels is yf^ of 80 bushels, or 
4 bushels. 

289. The Rate per Cent, is the number of units per hun« 
dred taken or considered. 

290. The Rate per TTxsit is the rate on each unit denoted 
by the rate per cent expressed decimally as hundredths, or by 
an equivalent iraction. 

Note. — The rate per cent, as such, can be expressed only by a whole 
or mixed number, or a fraction ; but, as a multiplier ^ or as the reUe per unit^ 
it is usually written as a decimal, and therefore it is said that the rate may 
be expressed decimally. 

The words per cent, are represented by the sign % • thus, 5 per cent is 
written 5%, 

291. The mode of writing different rates per cent decimally 
is shown by the following examples : 



1% is written .01 

5% " .05 

lOjt " .10 

S0% " .50 

1(W " 1.00 



W is written .OOi, or .005 

i% " .OOi, or .0025 

5W " ^ .05i,or.055 

7tW " .07W, or .073 

18W '* .18}, or .1875 
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292. A given per cent of a number may be an aliquot part of 
it; in which case, to compute the percentage, it is often simpler 
to take the required fractional part of the number than to mul- 
tiply by the rate. 



50% of a number is i of it 
25jf " «* i *' 
20% " •* i " 

m% " " i " 



16|^ of a number is i of it . 



ExEBCiSES IK Notation and Numebation. 

1. Express decimally, 4^, 7^ ^^, 6|^, 10^, 12^^. 

2. Express decimally, i^, i;^, f ^, |5^, ^V^, f ;i. 

3. What per cent, of a number is .75 of it ? 

4. What per cent, of a number is .5 of it ? 

5. What per cent, of a number is .005 of it ? 

6. What per cent, of a number is .0075 of it ? 

7. What per cent, of a number is ^ of it ? 

8. What per cent, of a number is the whole of it ? 

9. What per cent, of 7 is 7 ? 

10. What per cent, of a number is IJ times itself? 

11. What per cent, of 60 is 100 ? 

12. Write i of 1^ ; | of 1^, .3^ ; .75^ ; 185^. 

13. What rate per cent, of a number is .08J of it ? 

14. What per cent, of a number is .125 of it? 

PEOBLEMS IN PERCENTAGE. 

293. In the solution of problems in percentage five things are 
to be considered ; namely, the Base, Bate, Percentage, Amount^ 
and Differe^ice. 

1. The Base is the number upon which the percentage is 
computed. 
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2. The Rate is the number of hundredths of the base given 
or required. 

3. The Percentage is the number obtained by taking any 
given per cent, of the base. 

4. The Amount is the base increased by the percentage. 

5. The Difference is the base diminished by the per- 
centage. 

Note. — ^In all problems in this book, understand the simple term rate 
to mean the rate expressed decimally. 

294. From the principles of percentage we derive the follow- 
ing Formulas, by which it will be seen that, when any two 
of these elements or things are given, a third can be found : 

The Base X The Rate = The Percentage. 
The Percentage -7- Tlie Base = The Rate* 
The Percentage -f- The Rate = ITie Base, 



Case I. 

295. To compute percentage. 
Example 1. What is 15 per cent, of 780 ? 

SOLUTION. Analysis.— The percentage is the base multiplied 

780 l>y the i-ate. 15% of 780 is 16 hundredths of it; 

-^K hence, 780 x .15 = 117, the percentage. Hence 

' the 



117.00, Ans. 
EuLE. — Multiply the base by the rate. 

Notes. — 1. When the Amount is required, add the percentage to the 
base, or multiply by 1 plus the rate. 

2. When the difference is required, subtract the percentage from the 
base, or multiply by 1 minus tlie rate. ,^ 1 
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Example 2. A trader bought a horse for $250 and sold him 
at a profit of 20^ : for how much did he sell him ? 

flOLUnOK. 

$250 Or, $250 

•20 1.20 



50.00, Per ceutage gained. $300.00, Ans. 

250, Cost 



$300, Amount, Ans. 

BxAMPLE 3. A merchant sold a quantity of goods which cost 
him $480, at a loss of 5^ : for how much did he sell the goods ? 

BOLtinON. 

$480 Or, 480 

.05 .95 



24.00, Percentage lost 2400 

480, Cost 4320 



$456, Difference, Ans. $456.00, Ans. 

Examples pob Pbagtice. 

1. What is 6 per cent of $400 ? Ans. $24. 

2. What is 10 per cent of 5000 men ? 

3. What is 8 per cent of 37 tons ? Ans. 2.96 tons. 

4. What is 40^ of 350 bushels ? 

5. What is 66f ^ of 980 men ? 

6. What is 21^ of £750? 

7. What is ifl of $87.50 ? ifi? i^? 

8. What is .1 per cent of $189.75 ? 

9. What is 100 per cent of .12 ? 

10. What is i^ of *? f* of A^l^of .76? 

IL What is 5^ of 405^? Ans. 2jfe 
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12. What is the amount of 1500 increased by 5^ ? 

13. What is the diflference of $1000 diminished by 10^ ? 

14. What is 115^ of 375 ? 

15. What is 95^ of $3700? 

16. Bought 100 bbls. flour @ $7.50 per bbl., and sold it at 
10^ profit : what amount did it bring ? 

17. Sold a quantity of merchandise that cost $1670^ at a loss 
of 3^ : for what amount did I sell it ? 

18. If 5^ be deducted from a bill of goods amounting to 
$140.50^ what is the percentage allowed ? 

19. A man failed who owed $25000, and paid his creditors 
25 cents on a dollar. How much did he pay ? 

Case II. 
296. The percentage and rate being given, to find the 



Example. 24 is 6^ of what number? 

OFERATiOK. ANALYSIS. — ^Tlie percentage is found by 

.06 'J 24 00 multiplying the base by the rate ; conse- 

' quently the percentage, 24, divided by the 



400 Ans. ^*^» '^y gives the base. Or, we may reason 
* ' thus: if 24 is 6^, Ijg is i of 24, or 4; and 

100^ is 4 X 100 = 400. Hence the 

KuLE. — Divide the percentage by the rate. 

Note. — ^When the amount is given, the number of per cent which it is 
of the base will be more than 100, and 1 plus the rate will be the proper 
diyisor. If the difference be given, the divisor will be 1 minus the rate. 



Examples fob Pbactice. 

2. $326.25 is 87^ of what number ? 

3. What number diminished by 6^ of itself will be equal to 
564? 
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4 What number increased by 25^ of itself will be equal to 
250? 

0. If the percentage be 72, and the rate 9^ what is the base ? 

6. If the amount be $795, and the rate 6^ what is the base ? 

7. If the difference be $315.25, and the rate 3^, what is the 
base ? 

8. 104060 is 110^ of a certain number : what is that number ? 

9. $1.25 is ^^ of what sum of money ? 

10. I is 4^ of what number? 

11. Paid $45 premium on a policy of insurance, and the rate 
was li^i what was the amount of the policy? 

12. A house was sold at an advance of 5^ on the cost, for 
$18000: what was the cost ? 

13. Loaned for one year a certain sum of money, at 6^ per 
annum, and received at the end of the year, for principal and 
interest, $715.50 : required the amount loaned. 

14. Sold a horse for $106.40, which was 112^ of his cost : what 
was the cost? 

15. .0028 is i^ of what number ? 

Case III. 

297. The percentage and base being given, to find the 
rate. 

Example. What per cent, of 850 is 51 ? 

SOLUTION. Analysis. — The percentage, 51, is 

850)51.00(.06 = 6^, Ans. ^^® product of the base, 850, by the 

K-, ^n i*ate. Therefore, 51 -f- 850 = the rate. 

^100 ^ ^, «r^ . *! 

Or, we may reason thus : 51 is ft6 

of 850, and the question is. How 
many hundredths are equal to -^P The answer is found by reducing 
■^ to hundredths, which is done by annexing two decimal ciphers to the 
numerator and dividing by the denominator. Hence the 

Rule. — Divide the jjercenfage by the base. 
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Note. — The rate per cent is found directly as a whole or mixed number 
or fraction, by multiplying the percentage by 100, and dividing by the 



Examples for Practice. 

1. The base is $600, and the percentage $30 : what is the rate ? 

2. What per cent, of 1000 men is 200 men? 

3. What per cent, of £1 is 15 shillings ? 

4. What per cent, of J is ^ ? 

5. If $15 be paid for the nse of $200 for one year, what is 
th*i rate per cent. ? 

6. What per cent, of 10 is .1 ? 

' 7. What per cent, of 40 is 10^ of 50 ? 

8. My profit on the sale of a quantity of goods which cost me 
$1050, was $125 : required the gain per cent. 

9. If I pay $36 for^ the use of $200 for 4 years, what is the 
rate per annum ? 

10. A broker bought 10 shares of railroad stock, at $90 per 
share, and sold it at $105 per share : what per cent, profit on 
his investment did he make ? 

11. What is 10 per cent, of | ? 

12. What per cent, of $100 is 5 mills ? 

PERCENTAGE ON STERLING M0NB12. 

298. The usual method of computing percentage on Sterling 
Money is, to reduce the shillings, pence, and farthings to the 
decimal of a pound, and then multiply by the rate. The follow- 
ing method is simpler and shorter. 

Rule. — Multiply the given sum, as in Oompotind Numbers^ 
by the rate expressed as a whole number, a7id divide the product 
by 100. ^ I 
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Example. Find 6^ of £112 14«. 6dL 



OFEBATIOH. 

£. «. 

112 14 


6 
6 


Or, 

£. $. 

112 14 


d. 
6 
6 


£6.63 
20 


12 


6 


£6.60 70 
20 


30 


1. 12.72 
12 


1. 12.70 
12 




d. 8.70 
4 


A 8.70 
4 





far. 2.80 /ar. 2.80 Ans. £5 128. 8^.+. 

ExpuLNATiON. — After multiplying by the rate, point off two figures 
from the right of the i>ound8, reduce the decimal to shillings, add the 
shillings, and again point off two figures ; and so continue till the division 
is complete. The percentage will be found on the left of the points, in 
pounds, shillings, pence, ettv 

Case IV. 

299. To find the peroentage when the rate is an ali- 
quot part of the base. 

Rule. — Divide the base by the denmninator of the fraction 
which denotes the aliquot part. 

Example 1. Find 6ji of 12760 ; also 2^^. 

SOLUTIOIS^ AT 5^. SOLUTION AT 2^^. 

5^ = ^. 2|0)I275|0 2i^ = :jV- 4|0)I275|0 



1137.50, Ans. »68.76, Ans. 

Example 2. What is 2^^ of £165 12s. ed.? 
SOLUTION-. 4|0)£16|5 12s. 6d. 

£4 2^. 9d.i-,Afis. 
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Examples fob Fbactice. 

1. Find 2i^ of 14000. Of 1840. Of 1176. 

2. What is 6^ of £466 9s. 6d.? 

.3. Find 12 J^ of 176.60. Of 11840. 
4. Find 25^ of £395. Of £800. 
6. What is 33^^ of 975 tons ? 
6. What is 16|;i of •455.50? 

MlSOELLAKEOUS PbOBLEMS. 

1. What is 25 per cent, of 1000? 

2. 60 is 10 per cent, of what number ? 

3. What is the amount of 130 increased 6fi ? 

4. What per cent, of 125 is 20 ? 

5. If 40}< of itself be deducted from 800, what will the re- 
mainder be ? 

6. If the amount be 63, and the rate 6^, what is the base ? 

7. If the difference be 194, and the rate 3^, what is the 
base? 

8. A man haying an income of 14500 per year, spends 20^ 
of it for house rent, and 40^ of it for general expenses : how 
much does he pay for house rent ? how much for general ex- 
penses ? and what per cent, of his whole income does he spend ? 

9. Sold a horse for 125 less than I paid for him, and lost 10^ 
of the cost: what did the horse cost me ? Ans. $250. 

10. What per cent, of a number is } of it ? 

11. A man sold a house for 10 per cent, less than it cost him. 
If he had sold it for 15175 he would have gained 15 per cent. : 
for how much did he sell it? Ans. 14050. 

12. 38500 is 1000 per cent, greater than another number: 
what is that other number? 
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13. What per cent is 10^ of 60^ ? Ans, 5^. 

14. A merchant lost 6^ of his capital by the failure of one 
debtor, and 4^^ of the remainder by the failure of another, 
and then had 17258 left : what was his capital ? 

Ans. $8000. 

15. A gentleman having a certain amount of money, deposited 
90^ of I of it in bank, and then had 11625 on hand: what was 
the amount of his money ? 

16. Bought 100 shares of railroad stock at 95^ of its par value, 
$100 per share : what did it cost ? 

17. What per cent, of 5 kilogrammes is 60 grammes ? 

Ans. Ifi. 

18. What is 5 per cent, of 3 hectares? Ans. 15 ares. 

19. The sum of two numbers is 300, which is 150^ of the 
greater number: what is the less number? 



U^TEREST. 



300. Interest is the sum paid for the use of money. It 
formerly meant the use of money. 

301. The Principal is the sum, or base, on which the interest 
is computed. 



The Rate is the number of units per hundred, or per 
cent, of thQ principal paid for its use for any given time, usually 
per annum. 

303. The Amount is the sum of the principal and interest. 

* 304. Simple Interest is interest upon the principal only. 

305. Compound Interest is interest upon both principal 
and interest, compounded at certain periods of time when the 
interest becomes due and remains" unpaid; as, annually, semi- 
annually, and quarterly. 
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366. Annual Interest is' simple interest on interest payable 
annually and overdue, as well as on the principal. 

367. Legal Interest is the rate allowed by law, and varies 
in the different States. 

368. The taking of any more than the legal rate is, in most 
of the States, an oflfence called usury, which is prohibited under 
various penalties. 

369. In many States a certain rate is fixed by law, to be al- 
lowed on all contracts when no particular rate is specified, while 
a higher rate may be taken by special agreement between the 
parties. 

TABLE. 

Showing Uie legal rates of interest, and ilie rates aMowed hy special agreement, 
in the several States and Territories of the Union. 



STATES. 


LEGAL 
RATE. 


BY SPECIAL 
AGBEEMBNT. 


STATE. 


LEGAL 
RATE. 


BY SPECIAL 
AGREEMENT. 


Alabama 


8^ 
10% 

Q% 

1% 

H 

H 
6% 

H 
H 
H 
H 


Any rate. 
Any rate. 
Any rate. 

s% 

Any rate. 
12^ 


Mississippi 

Missouri 


e% 

7% 

7% 
H 
^% 

^% 

T% 




Alaska (Ter.) 

Arizona (Ter.) 

Arkansas 


Montana (Ter.) 

Nebraska 


Any rate. 
Any rate. 

Any rate. 


California 

Colorado (Ter.) 

Connecticut 

Dakota (Ter) 

Delaware 


New Hampshire. . . 
Nevada 


New Jersey 

New York 

New Mexico (Ter.), 

North Carolina 

Ohio 


Dist of Columbia.. 
Florida 




Georgia 


Oregon 

Pennsylvania 

Rhode Island 

South Carolina 

Tennessee 


Any rate. 


Idaho (Ter.) 

Illinois 


Indiana , , . , 




Iowa 




Kansas 


Texas 


12^ 
Any rate. 


Kentucky 

Louisiana 


Utah (Ter.) 


Vermont 

Virginia 


Maine 




Maryland 


West Virginia 

Washington (Ter.). 

Wisconsin 

Wyoming (Ter.). . . 




Massachusetts 

Michigan 

Minnesota 


lax 



♦ In certain localities only, and under a proviso. 

+ On balances in the hands of commission merchants, etc. ^ t 
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310. interest is usually reckoned upon the basis of 360 days 
to the year, and 30 days to the month. This practice is not 
strictly correct, although sanctioned by almost universal usage, 
and in some States by legal enactments. Thus, the interest of 
$500 for 18 days, at 6 per cent., computed by this method, 
is tVir of *3^> *^® interest of $500 for one year, or $1.50. If 
365 days be reckoned a year, it will be ^y of $30, or $1.47^^, 
which is yf^ or -^ less than $1.50, the amount found by reckon- 
ing 360 days to the year. 

Case L 

311. To compute interest for years and months. 

It is obyious, from the fact that interest is a certain per cent, 
of the principal per annum, that, if the principal be multiplied 
by the rate expressed as hundredths, the product will be the 
interest for one year. This product, multiplied by the number 
of years, will be the interest for any giren time. Hence the 
following 

liuLE. — I. Multiply the principal hy the rate per c^nt, and 
the resulting product hy the number of years and fraction of a 
year ; or, take aliquot parts of one year's interest for the months. 

II. Or, multiply the rate per cent hy the time expressed in 
years, and the principal hy the product thus obtained. 

Examples. 

1. What is the interest of $750, for 4 years and 6 months, at 

6 per cent. ? 

750 X .06 X 4i = 202.50 
Or, .06 X 4i X 750 = 202.50 Am. 202,50. 

2. What is the interest of $475, for 3 years, at 6 per cent. ? 

3. Find the interest of $18425, for 4 years and 3 months, at 

7 per cent. 

4. Find the mterest of $240.50, for 1 year and 6 months, at 8 
per cent 
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5. What is the amra&t of 13416.40^ for 2 years and 10 months, 
at 6 per cent, ? 

6. What is the amount of 1716.40^ for 3 years, at 9 per cent ? 

7. What is the amount of $1840^7, for 2 years and 3 montha^ 
at 7 per cent ? 

Case IL 

312. To compute interest for months only. 

At 6 per cent for one year, or 12 months, the rate is one half 
per cent, a month, for 6 is one half of 12. Therefore, when the 
time is given in months, one-half of the number of months, 
expressed as hundredths, is the rate per unit for that time. 
Hence the 

EuLE. — Multiply the principal by Mlfthe number of months^ 
expressed as hundredths j the product will be the interest at 6 
per cent. 

NoTB. — For any other rate than 6 per cent., Increase or diminish the 
interest so found by as many sixths of itself as the given rate is greater or 
less than 6^. Thus, for 8^, add f , or i ; for 7%, add i ; for 5^, subtract i 



Examples. 

1. What is the interest of $640, for 10 months, at 6 percent ? 

Ans. $32. 
SOLUTION. 640 X .05 = 32. 

2. What is the interest of $375.48, for 9 months, at 6 per 
cent ? Ans. $16.90. 

SOLUTION. 375.48 X .04^, or .046 = 16.8966. 

3. Find the interest of $1137.50, for 14 months, at 7 per 
cent 

4 Find the interest of $19.75, for 11 months, at 8 per cent 

6. What is the amount of $326450, for 18 months, at 6 per 
cent? 
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6. What is the amount of $244.60, for 28 months, at 7 per 
cent. ? 

7. What is the interest of $200, for 7 months, at 6 per cent. ? 

8. What is the amount of 11000, for 6 months, at 7 per cent. ? 

9. Find the interest of $18.9.75, for 7 months, at Q^. 

10. Find the interest of $130.50, for 8 months, at 7^. 

11. Find the interest of $240.18, for 6 months, at 9^. 

Case III. 

S13. To compute interest for days only. 

As shown by Case II, the interest of $1, for one month, at 
G per cent., is one half a cent, or 5 mills. Hence, for 6 days 
{\ of 30 days), it is ^ of 5 mills, or 1 mill, and for 1 day, ^ of a 
mill. And, since mills are thousandths of a dollar, when the 
time is given in days, one sixth of the number of days, expressed 
as thousandths, is the rate per unit for that time. Hence the 
following 

EuLE. — Multiply the principal ly one sixth of the numher of 
day Sy expressed as thousandths ; the product will he the interest 
at 6 per cent. 

Note.— When it is more convenient, to avoid fractions in the multiplier, 
multiply by the number of days, and divide by 6. The result will be the 
interest in mills. Therefore, point off three decimal places, in addition to 
the number in the multiplicand. 

Examples. 
1. Find the interest of $945, for 18 days, at 6 per cent. 

SOLUTION". 945 Or, 945 

18 -^ 6 = 3 18 



$2,835, Ans. 6)17010 



$2,835, Ans. 
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2. What is the interest of 1164.50, for 11 days, at 6 per cent. ? 



164.50 
.011 

6)180950 

.30158+^^5. 10.30 + . 



SOLUTION', 164.50 Note.— The number of 

days taken as a multiplier 
may be expresf^ed as thou- 
sandths, for we thus 
divide one of the factors 
by 1000, instead of the 
product. Or, we may 

explain it thus ; the interest of $1 is as many sixths of a mill as there are 

days ; hence '^^ is the rate per unit. 

3. Find the interest of $800, for 24 days, at 6 per cent. 

4. Find the interest of 11965, for 37 days, at 7 per cent. 

6. What is the interest of tl75.50, for 21 days, at 6 per cent.? 

6. What is the interest of 1500, for 41 days, at 7 per cent? 

7. Find the interest of 1250, for 6 days, at 6 per cent. 

8. Find the interest of $2100, for one day, at 6 per cent 
Find the interest of — 



9. $375.50, for 6 days, at 6^. 

10. $975.80, for 9 days, at 7^. 

11. $3750, for 3 days, at 5^. 

12. $742.37, for 21 da., at 6^. 

13. $87.50, for 27 da., at 1^. 

14. $1000, for 6 days, at 1^. 



15. $240.80, for 60 days, at 6^. 

16. $855.55, for 5 days, at 5^. 

17. $999.99, for 9 days, at 9^. 

18. $25.75, for 10 days, at 12,^. 

19. $445.92, for 15 days, at 7^. 

20. $115.65, for 24 days, at 6^. 



Case IV. 

311. To compute interest at any rate per cent, for years, 
months, and days, by taking aliquot parts. 

EuLE. — I. Multiply the principal by the rate per cent, to find 
the interest for one year. 

II. Multiply this interest by the number of years, and take 
aliquot parts for the months and days. 
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Examples. 



1. What is the interest of $1560 for 3 years, 5 months, and 10 
days, at 8 per cent ? 

11560 
* .08 



1124.80, Interest for 1 year. 
3 



1374.40, " « 3 years. 

i Interest for 1 year, 41.60, " " 4 months. 

i « 4 months, 10.40, '^ " 1 month. 

i « 1 month, 3.46, " '' 10 days. 

1429.86 Ans. $429.8G. 

2. Required the interest of 11786.60, for 9 months and 13 
days, at 5 per cent. 

3. Find the interest of 11000, for 2 years, 8 months, and 15 
days, at 7 per cent. 

4. What is the interest of $3450, from Not. 10th, 1869, to 
Dec. 15th, 1871, at 7^ per cent. ? 

5. What is the interest of $2700, for 1 year, 11 months, and d 
days, at 7 per cent. ? 

6. Eequired the amount of $1350, from Jan. 12tb, 1870, to 
Sept. 19th, 1871, at 6 per cent. 

General Practical Eule. 

315. When the rate is 6 per cent per annum, the interest of 
tl, 

For 12 mouths = $0.06. and of any sum, -Hhr of the priDCipal. 
" 2 " (i ot 12^ .01, ** " Tk 

** 1 " (i of 2) .005, " " i of Tin " 

" 6 days (i of 30) .001, " ** nkn 

« 1 day (i of 6) .OOOt '* " iofirfinr " 

Hence, 
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31C To find the interest of any stun of money at 6 pex 
cent. 

For 2 MONTHS, paint off two figures from the 

right of the dollars for decimals. 
For 1 MONTH, .point off twofiguresy afid divide 

For 1.NY NUMBBE OF MONTHS, pom^ off two figures, and muU 

tiply by half the numier of 
months ; or multiply by the num- 
ber of monthsy and divide by 2. 

For 15 DATS, .point off two figures, and divide 

For 6 DAYS, .point off three figures. 

For 3 DATS, pointoff three figures, and divide 

by 2. 

For 1 DAY, .poin^ off three figures, and divide 

byQ. 

For ANY NUMBER OF DATis,., point off three figures, and mul- 
tiply by one sixth of the number 
of days, or multiply by the num- 
ber of days, and divide by 6. 

The interest of $1, or the rate i)er unit, at fi per cent., may be 
fonnd, on the same principle, and the interest on any sum of 
money computed by what is known as the 

Inspection Bulb. 

Rule. — Take one half the number of months for the Cents, 
or Hundredths, awe? one sixth of the number of days for the 
Mills, or Thousandths. Multiply the principal by the deci- 
mal so found, and the product will be the interest. 

An odd month will give 5 mills, or .005. 

Examples. 

1. Required the interest of 12460, for % months, at 6 per 
cent. 

SOLUTION. Point off two figures. ^ns. $24.60. 
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2. Required the interest of 11248.60, for 1 month, at 6 i)er 
cent 

SOLUTioiir. Point off two figures, 2)112.486 

and divide by 2. 

16.243, Ans. 

3. Find the interest of $1368, for 6 days, at 6 per cent. 

BOLUTioi^. Point off three figures. ^^.$1,368. 

4. Find the interest of $194, for 3 days, at 6 per cent. 

SOLUTION". Point off three figures, 2)$.194 



and divide by 2. 



$0.97, Ans. 



5. Find the interest of $650, for 63 days, at 6 per cent ; also 
for 33 days. 



SOLUTION, 1st $6.50 
325 


2d. 2)$6.50 




3.25 
.325 

* 


$6,825, Ans. 




13.575, Ans, 



6. What is the interest of $960, for 10 months and 18 days, at 
6 per cent ? 

$9.60 Or, by the Inspection Kule. 

5 $960 

.053 



48.00 



2.88 =.960X3 2880 

4800 



$50.88, Ans. 



$50,880, Ans. 

7. What is the interest of $427.50, for 3 days, at 6 per cent ? 

8. Required the interest on a promissory note of $350, for 60 
days, and 3 days' grace, at 7 per cent. Ans. $4.29. 

9. Required the interest of $400, for 18 months and 6 days, at 
8 per cent 
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10. Find the interest of 1875, at ^^, for 10 months. 

11. Find the interest of 1356.40, for 1 year, 4 months, and 12 
days, at 6 per cent. 

12. Find the interest of $962, for 37 days, at 7 per qent. 

13. Find the ajnount of 11000, for 2 years and 21 days, at 6 
per cent. 

14. Find the amonnt of $150 from January 27 to July 16, at 
7 per cent. 

15. What is the interest of $1542, for 1 year and 3 months, 
at 8 per cent. ? 

16. What is the interest of $685, for 63 days, at 7 per cent. ? 

17. What is the interest of ^250, for 90 days, at 6 per cent. ? 

18. Eequired the interest on a promissory note for 176, pay- 
able 30 days after date, with interest, at 7 per cent. 

19. Find the interest of $643.50, for 15 days, at 6 pei cent. 

20. Find the interest of $198.25, for 2 months, at 6 per cent 

21. Find the interest, at 7^ of $130, for 10 days. 

22. Find the amount of $10,000, at 5^ interest, from March 16, 
3871, to October 30, 1871. 

23. Find the amount of $375, for 30 days, at 6 per cent. 

24. Find the interest at 6^, of $136.50, for 45 days. 

25. What is the interest of $600, for 70 days, at 6 per cent. ? 

26. What is the interest of $500, at 6^, for 29 days? 

27. What is the interest of $100,000, for 1 day, at 6 per cent. ? 

Metbod by Cancellation. 

SI 7. The interest of any sum of money, for any number of 
years, is the product of the Principal, Time, and Rate. 

Months are 12ths of a year, and days, according to the usual 
mode of reckoning interest, are 360ths of a year. 

Therefore, if the time is expressed in months, the interest of 
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any sum of money for the given time will be the product of the 
Principal, Time^ and Rate, divided by 12 ; and if in days, it will 
be the product of the JPrmcipal, Time, and Bate, divided by 360. 

Hence, to compute interest for any given time, at any given 
rate, the operation may be expressed, and the work abridged by 
cancellation. 

Rule. — Draw a vertical line, and place the Principal, Time, 
and Rate, on the right. If the time is in months, place 12 on the 
left; if in days, 360. Cancel, multiply, and divide, and the 
restilt will be the interest. 

NoTB. — When the time is given in months and days, reduce the days 
to tenths of a month, by dividing by 8, and annex the decimal to the num- 
ber of months ; or reduce the months to days. 

Examples. 

1. Find the interest of 1850, for 6 months, at 7 per cent; 
and for 15 months, at 8 per cent. 

SOUJTION, 7^. SOLUTION, Sf, 

$$$fi 425 $850 

If Zt 1$ 6 

.07 .. .0$ 2 



1*29.75, ^w*. ' 

2. What is the interest of $17 
Of $364.50, for 19 days, at 6 per 

SOLUTION OF FIBST. 



I $85.00, Ant. 
48 days, at 7 per cent? 



$90 

2$ 

3 



3 



Un 35 
4$ 2 
.07 



SECOND. 

lAW 6.075 



4.90 




1.63|, Ans. 

3. Find the interest of $436, for 9 rrionths an<1 i}"^"^^"' 
7 per cent. Of $290 for 7 months and 14 days. Tie er^ 

FIEST. $436 SECOND. 

•8 it 



n 



$436 
U 

.07 



$24,416, Ans. 




V^^Ans. 
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Examples 70B Pbactics. 

1. At 7 per cent, ^at is the interest of $956.50, fori year and 
3 months? 

2. At 5 per cent., what is the interest of $462.50, for 3 months 
and 18 days ? 

3. At 10 per cent, what is the interest of $75, for 17 months ? 

4. Kequired the interest of $250 from Jnly 1, 1871, to August 
1, 1872, at 9 per cent 

5. What is the amount, July 8, 1871, of a promissory note 
dated September 13, 1870, payable on demand, with interest, at 
7 per cent ? 

GOVEENMENT RULE, 

Oe, Acoueate Ikteeest. 

318. On United States Bonds, interest is computed upon the 
basis of 365 days to the year; that is, for any number of days 
less than a year, such a part of one year's interest is taken as the 
number of days is of 365. For example, the interest on any 
sum for 30 days is -^ of the interest for one year. This is 
Accurate Interest y and is -.^ less than that obtained by the 

\ mercantile method. Hence, 

319. To compute Accurate Interest we have the fol- 
lowing 

EuLE. — Find the interest for years by the common method, but 
for any fraction of a year, take such part of one yearns interest 
as the number of days is 365. Or, 

Compute the interest by the common method, and subtract if^ 
18 fart of itself 
per \^ 

*foTB.— At 3Aft> per cent, according to this rule, the interest on $100 for 
l43 Vay is 1 cent Twice Sff^% is T-ftj^, the rate which the United States 
" -thirty Treasury Notes bore from which they took their name. This 



^ jlflS' 



Qts a day on $100, and is yery easily reckoned. 
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Examples. 



1. Kequired the interest on five TJ. S. 5-20 Bonds of $1000 
each, from Not. 1, 1870, to March 18, 1871. 

BOLUTIOK. Prom Nov. 1 to March 1, is 137 days. 

$5000 X .06 = $300, one year's interest 

$300 X ifj = $112.60 +. Ans. $112.60. 

2. Required the interest on $10000 TJ. S. 5-20 Bonds, from 
May 1 to Sept 10. 

3. What is the interest on three IT. S. 10-40 Bonds, from 
Mar. 1 to Aug. 16, at 5 per cent. ? 

4. What is the interest on a $500 TJ. S. 10-40 Bond, from 
Marchl to AprillS? 

Ikteeest at 7-A- per cent, for days. 

320. To compute accurate interest on Notes, Bonds, 
etc., at the rate of 7A^, for any number of days. 

At 7-Ar per cent for 865 days, the interest of $1 for 1 day is s^rs of -078 
= .0002, or A of a mill ; or, twice the number of days equals the number 
of tenths of a mil]. Hence the 

EuLE. — Multiply the principal by the number of days, and 
the product by .0002. Or, 

Multiply the principal, in dollars, by twice the number of days, 
and point offfour figures for decimals. 

Examples. 

1. Required the interest on a TTnited States 7-30 Treasury 
Note for 11000, for 38 days. 

11000 X 38 X .0002 = $7.60, Ans. 

2. What is the interest on a mortgage for $560, for 1 year and 
76 days, at 7^ per cent per annum ? 
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INTEREST ON ENGLISH MONEY. 

In England, interest is calculated upon the basis of 365 days 
to the year, or according to the rule already giyen for comput- 
ing accurate interest But months in any given time are usu- 
ally reckoned as 12ths of a year. For days, such a part of one 
fear's interest is taken as the number is of 365. 

The legal rate is 5 per cent. Hence, 

321. To compute interest on FiTigllRh money we have 
the following 

Rule. — L Reduce the shillings, pence, and farthings, to the 
decimal of a pound. 

n. Fob Yeaes : — Multiply the principal by the rate^ aTid the 
product by the number of years. 

in. For Months: — Take such fractional part of one yearns 
interest as the number of months is of 12, or apply any of the 
foregoifig rules. 

IV. For Days: — Take such fractional part of one yearns 
interest as the number expressing the time is of 365 ; or, when 
the rate is 5 per cent, multiply the principal by the number of 
days, divide the product by 73, and point off two decinuds in the 
quotient. 

If the rate is 5^, we may take fHi of the principal for 1 year's iuterest, or 
U. for every pound, Sd. for every 5«., and 1 far. for every 5d. ; for, -^ of 
£1 = is. ; Aof U =ii = id. ; and i^ of Id. = A = i far. 

Hence, at this rate, we may readily find the interest for one year, by in- 
spection. 

And, to find the interest on any number of pounds, for any number of 
years, multiply the principal by the number of years, and the product will 
be the interest in shMings; and to find it for any number of months, mul- 
tiply by the number of months ; the product will be the interest bi pence^ 
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Examples- 



1. What is the interest of £50 105. 6rf., for 3 years, at 6 per 
cent? 

SOLUTION. £50 105. 6(Z. = £50.525 
£50.525 X .15 = £7.57875 
And, reducing the decimal, we have £7 11^. 6frf.+, Ans. 

By inspection — 

The interest of £50, for 1 yr., is 505. = £2 IO5. 

« u u 105. « " " '' i of 10 = 6d. 

« « " 6d. « « « « i of 6 = It/. 

Interest for 1 year, £2 IO5. ^d.+ 

3 



Interest for 3 years, £7 II5. 61*+ 

Or, we may multiply by the rate and time, without reduction, 
and divide by 100. 

£50 105. ed. 
5 



250 50 30 
3 

£7.60 150 90 
20 



5. 11.50 
12 



d. 6.90 Ans., as before, £7 II5. 6irf. +. 
This is unquestionably the simplest of the three methods. 

2. Find the interest of £150, for 2 years and 6 months, at 5 
per cent. 

3. Find the interest of £60 85. 5*, for 3 years and 4 months, 
at 5 per cent. 
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4 Find the interest of £250 IO5., for 33 days, at 5 per cent 

5. What is the amount of £500 Ss. 6d., for 4 years and 6 
months, at 5 per cent ? 

6. What is the amount of £350 10s. 3d.y for 6 years, 9 months, 
and 12 days, at 5 per cent. ? 

PEOBLEMS IS INTEREST. 

Peoblem I. 

322. To find the Frincipal, the Interest, Time, and Bate 
being given. 

Example 1. What sum of money, at 6^ interest, will gain 
$480 in 5 years ? 

OPERATION. Analysis. — Since the 

.06 X 5 = .30)480.00 interest of $1 for 5 years, 

at 6^, is 30 cents, it will 

1600, Ans. 11600. take as many dollars to 
gain $480 as .30 is con- 
tained times in 480 = 1600. Hence the 

EuLE. — Divide the given interest by the interest of II for the 
given timey at the given rate, 

2. What principal, at 6^, is sufficient to gain 124.75 in 18 
months ? Ans. 1275. 

3. What sum of money put at interest at 7^, for 3 years and 
6 months, will gain $61.81 ? 

4. Eequired the principal that will produce $75.80, in 9 
months and 21 days, at 8 per cent. 

5. What sum of money,, at 5 per cent, simple interest, will 
yield $275.40 in 3 years and 4 months ? 

Problem II. 

823. To find the Principal, the Amount, Time, and Eate 
heing giyen. 
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Example 1. — What sum of money, at 6^ interest, will amount 
to •408.75, in 18 months? 

OPEBATION. 

1.09)408.76(375 

327 

Analysis. — Since $1 will, in the given 

817 Ans, $375. ^™^> amount to $1.09, it is evident that 
wgg $408.75 is 109 per cent of the required 
principal; and408.75-+- 1.09 = 376. Hence 

545 ^® 

545 



KiTLE. — Divide the given amount by the amount of $1 for the 
given time, at the given rate. 

2. What principal will, in 3 years, 8 months, and 6 days, at 
6^, amount to $4541.25 ? 

3. What sum invested at 7^, for 2 years and 9 months, wiU 
amount to $3000 ? 

4. What sum invested January 1, 1871, at 5^, will amount to 
$5000 January 1, 1875 ? 

Peoblem hi. 

324. To find the Time, the Principal, Interest, and Eate 
being given. 

Example 1.— How long will it take $400 to gain $30.40 at 
G^ per annum ? 

OPERATION. 

400 X .06 = 24)30.40(1.26f 
24 

64 Ans. 1.26f years = 1 yr. 3 mos. 6 d. 

48 

160 
144 

16 
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Analysis.— |400, at 6^, gains $24 per annum. Therefore, it will take it 
as many years to gain $30.40 as 24 is contained times in 30.40 = 1.26|. 
Hence the 

EuLE. — Divide the given interest by the interest of the prin- 
cipal/or one year, at the' given rate; the quotient will be the 
time in years. 

2. In what time will $3750 amount to $4541.25^ at 6^ per 
annnm ? 

3. In what time will $10000 produce $1600, at 6^ per annum ? 

4. How long will it take any sum of money to double itself, 
at 5^ per annum? At 6^? At 7^? At 8^? 

Note. — A question of this kind is solved by dividing 100 by the rate 
per cent. ; for the principal must gain 100 per cent, of itself, which will 
require as many years as the number of per cent gained per annum is 
contained tunes in 100. For example, at 5^, it will take 100 -4- 5 = 20 
years ; at 6^, 100 + 6 = 16f years. 



Problem IV. 

325. To find the Rate, the Principal, Time, and Interest 
being given. 

Example 1.— If I pay 152.50 for the use of $750 for 14 
months, what is the rate per cent. ? 

OFERATION. 

750 

.07 Analysis.— The interest of $750 for 

14 months, at 1^, is $8.75. Therefore, 

6)52.50 the rate must be as many times 1, as 

8.75 is contained times in 52.50 = 6. 

8.75)52.50(6 Hence the 

52.50 Ans. 6^. 



EuLE. — Divide the given interest by the interest of the prin- 
cipal for the given time, at 1 per cent; the quotient mil be the 
required rate. 

2. If I receive $36.40 for the use of $400 for six months and 
18 days, what is the rate per annum ? 
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COMPOUND INTEREST. 

326. Compound Interest is reckoned upon the principal 
and interest added together annually, semi-annually, quarterly,etc. 

Examples. 

. 1. What is the compound interest of 11000 for 3 years, at 6}^, 
payable annually ? 

$1000 Prmcipal. 

60 Interest for the first year. 

1060 Amount, principal for the second year. 

63.60 Interest for the second year. 

1123.60 Amount, principal for the third year. 

67.416. Interest for the third year. 

1191.016 Amount at the end of three years. 

1000 Deduct the first piincipaL 

$191.016 Compound Interest for 3 years, Ans. 

2. What will be the amount of $1000 in 2 years and 3 months, 
at 4^ compound interest, payable semi-annually ? 

$1000 Principal. 

40 Interest for the first 6 months. 

1040 Amount. 

- 41.60 Interest ftir the second 6 months. 

1081.60 Amount. 

43.264 Interest for the third 6 months. 

1124.864 Amount 

44.99456 Interest for the fourth 6 months. 

1169.85866 Amount. 

23.3971712 Interest for 8 months. 

1193.2557312 Amount at the end of 2 years and 8 months. 

327. Instead of making these laborious calculations, Tables, 
like the following, are generally used in computing Compound 
Interest. 
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TABLE, 

Showing Uie amoujit of $1, or £1, at 2i, 3, 31^, 4, 5, 6, 7, and 8 per cenUy 
compound interest^ for any number of years, from 1 to 40. 



Years 


2^6 per ct. 


3 per cent. 


z^i per ct. 


4 per cent. 


6 per cent. 


6 per cent. 


7 per cent. 


8 per ceut. 


1 


1.025000 


i.asoooo 


1.035000 


1.040000 


1.050000 


1.060000 


1.070000 


1.080000 


2 


1.0506-25 


1.060900 


1.071225 


1.081600 


1.102500 


1.123000 


1.144900 


1.166400 


3 


1.076891 


1.092727 


1.108718 


1.124864 


1.157626 


1,191016 


1.225043 


1.259712 


4 


1.103813 


1.125509 


1.147523 


1.169859 


1.215506 


1.2624T7 


1.310796 


1. 3604^9 


5 


1.131408 


1.159274 


1.187686 


1.216653 


1.276282 


1.338226 


4.402552 


1.469328 


8 


1.159693 


1.194052 


1.229255 


1.266319 


1.340096 


1.418519 


1.500730 


1.586874 


7 


1.188686 


1.229874 


1.272279 


1.815932 


1.407100 


1.603630 


1.605782 


1.713824 


8 


1.218403 


1.266770 


1.316809 


1.368569 


1.477455 


1.593848 


1.718186 


1.860930 


9 


1.248863 


1.304773 


1.862897 


1.423312 


1.551328 


1.689479 


1.838459 


1.999005 


10 


1.280085 


1.343916 


1.410599 


1.480244 


1.628885 


1.790848 


1.967151 


2.15892.5 


11 


1,312087 


1.384234 


1.459970 


1.539454 


1.710339 


1.898299 


2.104852 


2.331639 


12 


1.344889 


1.425761 


1.511069 


1.601032 


1.795856 


2.012197 


2.252192 


2.518170 


13 


1.378511 


1.468534 


1.563956 


1.665074 


1.885649 


2.132928 


2.409845 


2.719624 


14 


1.4129T4 


1.512590 


1.618695 


1.731676 


1.979932 


2.260904 


2.578534 


2.937194 


15 


1.448293 


1.557967 


1.675349 


1.800944 


2.078928 


2.396558 


2.759032 


3.172169 


16 


1.484506 


1.604706 


1.733986 


1.872981 


2.182875 


^.540:i52 


2.952164 


3.425943 


17 


1.521618 


1.652848 


1,794676 


1.947901 


2.292018 


2.692773 


3.158815 


3.700018 


18 


1.559659 


1.702433 


1.857489 


2.025817 


2.406619 


2.854339 


3.379932 


3.996020 


19 


1.598650 


1.753506 


1.922501 


2.106849 


2.526950 


3.025600 


8.616528 


4.315701 


20 


1.638616 


1.806111 


1.989789 


2.191123 


2.653298 


3.207136 


3.869685 


4.660957 


21 


1.679582* 


1.860295 


2.059431 


2.278768 


2.785963 


3.399564 


4.140562 


5.033834 


22 


1.721571 


1.916103 


2.131512 


2.369919 


2.925261 


3.603537 


4.430402 


5.436540 


23 


1.764611 


1.973587 


2.206114 


2.461716 


3.071524 


3.819750 


4.740530 


5.871464 


24 


1.808726 


2.032794 


2.283328 


2.563304 


3.225100 


4.048935 


5.072:367 


6.341181 


25 


1.853944 


2.093T78 


2.363245 


2.665836 


3.386355 


4.291871 


5.427433 


6.848475 


26 


1.900293 


2.156591 


2.445959 


2.7T2470 


3.555673 


4.549383 


6.807353 


f. 396353 


27 


1.947800 


2.221289 


2.531567 


2.883369 


3.733456 


4.822346 


6.213868 


7.988062 


28 


1.996495 


2.287928 


2,620172 


2.998703 


3.920129 


5.111687 


6.648838 


8.627106 


29 


2.046407 


2.356566 


2,711878 


3.118651 


4.116136 


5.418388 


7.114257 


9.317275 


80 


2.097568 


2.427262 


2,806794 


3.243398 


4.321942 


5.743491 


7.612255 


10.062657 


81 


2.150007 


2.500060 


2.905031 


8.3731.33 


4.538040 


6.088101 


8.145113 


10.867669 


32 


2.2a3757 


2.575083 


3.006708 


3.508059 


4.764942 


6.463387 


8.715271 


11.737083 


a3 


2.25aS51 


2.652335 


3.111942 


3.648381 


5.003189 


6.840590 


9.325340 


12.676060 


84 


3.315322 


2.731905 


3.220860 


3.794:316 


5.2.53348 


7.251025 


9.978114 


13.690134 


85 


2.373205 


2.813862 


3.333590 


3.946089 


5.516015 


7.686087 


10.676582 


14.785344 


86 


2.432635 


2.S98278 


3.450266 


4.103933 


5.791816 


8. 147 .'52 


11.423942 


15.968172 


87 


2.493349 


2.985227 


8.571025 


4.268090 


6.081407 


8.636087 


12.223618 


17.245626 


88 


2.555682 


3.074783 


3.696011 


4.438813 


6.385477 


9.154252 


13.079271 


18.625276 


89 


2.619574 


3.167027 


3.825372 


4.616366 


0.704751 


9.703508 


13.994820 


20.115293 


40 


2.685064 


8.262a38 


8.959260 


4.801021 


7.039989 


10.285718 


14.974458 


21.724523 
air ' 
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328. To find the amount of any principal for any num- 
ber of years by the use of the Table. 

EuLE. — Multiply the amount of II, or £1, for the given timCy 
at the given rate, hy the principal. 

Notes. — 1., To find the interest, subtract the principal from the amount 
' 2, The interest for additional months and days may be reckoned on the 
amount of $1, found in the table for the years, before multiplying by the 
principal, or on the amount of the principal. 

3. When the interest is to be compounded semi-annually, quarterly, etc., 
take the rate for one interval, and find the amount for the number of 
intervals, as if they were so many years. For example, the amount of $1 
at Q% compound interest per annum, payable semi-annually, for three yeai-s, 
is the same as the amount of $1, at Z% per annum, compounded annually 
for six years. 

Examples. 

1. What is the amount of 1100 for 10 years, at 6^ compound 
interest ? 

2. What is the compound interest of $436, for 5 years and 6 
months, at 5 per cent.'? 

3. What is the amount of $800, for 17 years and 10 months, at 
7^ compound interest ? 

ANNUAL INTEEEST. 

329. Annual Interest is simple interest on the principal 
and on the interest overdue on promissory notesy or other con- 
tracts containing the words, " with interest payable annually/* 
or, " with annual interest/' 

Interest upon the interest on such contracts is allowed by the courts in 
some of the States, in the nature of damages for the non-payment of tlie 
interest when it falls due ; otherwise it cannot be considered legal. 

Examples. 
(1) $1000. New Yobk, March 1, 1871. 

Three years after date, for value received, I promise to pay 
John Walton, or order. One Thousand Dollars, with interest 
at seven per cent, payable annually. 

Heney S. Lane. 



Digitized by VjOOQIC 



ANNUAL INTEREST. 205 

Suppose nothing to be paid on this note till its maturityi 
what will be the amount then due ? 

SOLTJTION. 

Principal $1000 

Interest on same, for 3 years 210 

Amount of Principal and Interest $1210 

Interest on $70 for 2 years $9.80 

Interest on $70 for 1 year 4.90 14.70 

Amount at maturity $1224.70 

Note. — The interest due at the end of the first year, $70, draws interest 
for two years, and that due at the end of the second year, fdr one year. 
But this interest is equal to the interest of $70 for 2 + 1=3 years. There- 
fore, the work may be shortened by computing the interest on the annual 
interest, for the sum of the years, in one operation, as shown in the solu- 
tion of the following question. 

2. What will $3000 amount to in 10 years and 6 months, 
annual interest, at 6 per cent. ? 

SOLUTION. 

Principal $3000.00 

$3000 X .06 X lOi = 1890.00, interest for lOi years. 

[ interest on 1 year's int. for 
$180 (int. for 1 yr.) x ? ^^^^ J ^^Q^^^^^^r^^ +4i+3i 

'^^x^^= S ' ( +2i + H + i = 50 years. 

Amount for 1 Oi years $5430.00, Ans. 

3. What is the difference between annual interest and com- 
pound interest on $1500, for 4 years, at 6 per cent. ? 

Ans. $1.31+. 

Note. — Annual and compound interest are the same up to the end of 
the second year. 

4. Find the annual interest and the amount of $750, for 8 
years, at 6^ per annum. 

5. Eequired the annual interest of $1500, for 7 years, at 6 
per cent. 

6. Find the amount of $475, at 7^ annual interest, for 8J 
years. 
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PAETIAL PATME]^fTS. 

330. When Partial Payments have been made on Notes, 
Bonds, and other obligations, the following rule for computing 
the interest, based on a decision of Chancellor Kent (1 John. 
C. C, 13), has been adopted by the United States Supreme 
Court, and by the courts in most of the States, and is, there- 
fore, known as the 

United States Eule. 

1. Compute the interest on the principal to the time of the first 
payment, and if this payment exceed the interest then due, add 
the interest to the principal, and from the sum subtract the pay- 
ment ; the remainder will form a new principal, with which 
proceed as before, 

IL But if the payment be less than the interest, compute the 
interest on the principal to the time when the sum of the payments 
shall first equal or exceed the interest due ; add the interest to 
the principal, and from the sum subtract the sum of the pay- 
ments, and treat the remainder as a new principal. 

Examples. 
(1) $4000. New York, June 1, 1869. 

Two years after date, I promise to pay William Claflin, or 
order. Four Thousand Dollars, for value received, with interest. 

ElCHAKD PaYWELL. 

On this note were indorsed the following payments : 

September 15, 1869, received ($450) Four Hundred and Fifty Dollare. 
December 15, 1869, received ($50) Fifty Dollars. 
March 3, 1870, received ($500) Five Hundred Dollars. 
Januaiy 1, 1871, received ($1000) One Thousand Dollars. 

What remained due June 4, 1871 ? 
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OPERATION. 



Principal on interest from June 1, 1869 |40OO 

Interest to September 15, 1869, 3 mos. 14 d 80.89 

Amount $4080.89 

Less first payment 450.00 



Remainder for a new principal $3630.89 

j The Interest from September 15 to December 15, 1869, ) 
( is $63.44, which exceeds the payment ) 

Interest from September 15, 1869, to March 8, 1870, 5 ) ^^^ qq 
mos. 16 d. ) 



Amount $3748.09 

Less the sum of the second and third payments 550.00 

Remainder for a new principal $3198.09 

Interest from March 1, 1870, to January 1, 1871 186.55 

Amount $3384.64 

Less payment January 1, 1870 1000.00 

$2384.04 
Interest fi-om January 1 to June 4, 1870 '^^•^^ 

Balance due June 4, 1871 $2455.58 

(2) $1500. Philadelphia, January 1, 1870. 
One year after date, we promise to pay Stevens & White, or 

order. Fifteen Hundred Dollars, value received, without de- 
falcation. 

J. D. COLEMAK & Co. 

The foUowinpj payments were made on this note:— March 16, 1870, 
$100; June 13, 1870, $400; September 1, 1870, $200. 

What was due January 1, 1871, interest at 6 per cent. ? 

(3) $3500. Boston, March 15, 1870. 
For value received, we jointly and severally promise to pay 

Wm. Smith, or order, Three Thousand Five Hundred Dollars, 

on demand, with interest 

James MAKNiifG, 

Henby Schofleld. 

Indorsed as follows :— June 1, 1870. received $800; September 1, 1870, 
$100; Jan. 1, 1871, $1560; March 1, 1871, $300. 

What was due May 16, 1871, interest at 6 per oenfcr^___T^ 
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(4) $1340. CiNCiNisrATi, July 15, 1870. 

Eighteen months after date, I promise to pay Walter Cum- 
mings, or order. Thirteen Hundred and Forty Dollars, value 
received, with interest at six per cent per annum. 

W. H. BONNEB. 

Indorsed as follows:— Oct 15th, 1870, received $30; Jan. 1st, 1871, 
$440 ; Mar. 18th, 1871, $160 ; Oct. 1st, 1871, $95. 

What was due on this note at its maturity ? 

831. In Connecticut, the following rule prevails, having been 
adopted by the Supreme Court, March Term, 1784. (See Kirby^s 
Eeports, 49, note.) 



CONNECTICUT RULE. 

I. Compute the interest to the time of the first payment ; if 
Jhat he one year, or more, from the time the interest commenced, 

add it to the principal, and deduct the payment from the sum 
total. If there he after-payments made, compute the interest on 
the halance due to the Jiext payment, and then deduct the payment 
as ahove; and in like manner from one payment to another, till 
all the payments are ahsorhed ; provided the time hetween one pay- 
ment and another he one year or more. 

II. But if any payments he made hefore one yearns interest 
hath accrued, then compute the interest on the priticipal sum due 
on the ohligation, for one year, add it to the principal, and com- 
pute the interest on the sum paid, from the tifne it was paid up 
to the end of the year, add it to the sum paid, and deduct that 
sum from the principal and interest added as ahove. 

III. If any payments he made of less sum thanr the interest 
arisen at the time of such payment, no interest is to he computed, 
hut only on the principal sum for any period. 

Example. 

1. A Bond, bearing date, New Haven, January Ist, 1868, was 
executed and delivered to Hiram Smith by John Comstock, for 
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the sum of 15000, payable four years after date, with interest at 
6 per cent, per annum. 

On this bond the following payments were made: — ^Peb. Ist, 1869, 
$1000; July 1st, 1869, $500; Mar. 1st, 1870, $100; July 16th, 1870, $800. 

Eequired the amount due Jan. 1st, 1872. 



OPERATION. 

Principal $5000 

Interest from Jan. 1st, 1868, to Feb. 1st, 1869 326 

Amount $5325 

Less the first payment .... 1000 

Balance due $4325 

Interest for one year 259.50 

Amount due Feb. Ist, 1870 $4584.50 

Less amount of second payment from July 1st, 1869, to 
Feb. 1st, 1870 517.50 

Balance due $4067.00 

Interest for one year. . , 244.02 

Amount due Feb. 1st, 1871 $4311.02 

Less amount of fourth payment from July 16th, 1870, to 

Feb. 1st, 1871 $826 

And third payment, without interest 100 

926. 

Balance due $3385.02 

Interest to Jan. 1st, 1873 186.18 

Balance due Jan. 1st, 1872 $3571.20 

* 
Note. — The former " Vermont Rule" was changed by an Act of the 
Legislature, passed in 1866, so that it is now substantially the same as the 
United States Rule. Payments must be applied ; ** first, to liquidate the 
interest that has accrued at the time of such payment ; and secondly, to 
the extinguishment of the principal." The same act allows annual interest, 
and directs how it shall be computed on partial payments. 

332. in New Hampshire, the courts allow interest on annual 
interest, in the nature of damages for its detention, from the 
time it becomes due, till paid. See 1st N. H. Reports,^179. , 
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NEW HAMPSHIRE EULE. 

I. Find the amount of the principal for one year, and deduct 
from it the amount of each payment for that year, from the time 
it was made up to the end of the year; the remainder will be a 
new principal, with which proceed as before, 

II, If the settlement occur less than a year from the last 
annual term of interest, make the last term of interest apart of 
a year accordingly, 

333. Merchants, in computing interest on accounts which are 
required to be settled annually, semi-ftnnually, quarterly, etc., 
on which partial payments haye been made, generally adopt 
the following rule, which is, therefore, called the 

MERCHANTS' RULE. 

I. Find the amount of the principal from the time interest 
commensed to the time of settlement, 

II. Find the amount of each payment from the time it was 
made to the time of settlement, 

III. Subtract the sum of the amounts of the payments from 
the amount of the principal ; the remainder will be th^ sum due. 

Note. — ^Merchants often compute interest by the above rule, on notes 
running for one year only, or less, when partial payments have been made 
during the year. 

Example. 

1. What was due on the following Note at the time of settle- 
ment, January 1st., 1871 ? 

$560. Richmond, Va., Jan. 1, 1870. 

For value received, I promise to pay J. Norcross & Co., or 
order. Five Hundred and Sixty Dollars, on demand, with interest 
at 6 per cent per annum. 

C. D. Hendricks. 

Payments indorsed as follows:— Feb. 15th, received |50; June Ist, 
$100; Sept. 15rh, $100. 
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SOLUTION. 

Pi-incipal $^60 

Interest on the same for one year 88.60 

Amount of principal 1503.60 

First payment, Feb. 15th, 1870. |50 

Interest on same to Jan. 1st, 1871 ^ 2.61 

Second payment, June Ist, 1870 100.00 

Interest on same to Jan. 1st, 1871 8.50 

Third payment, Sept 15th, 1870. 100.00 

Interest on same to Jan. 1st, 1871 1.77 

257.88 

Balance due at date of settlement $885.72 



PEESENT WOETH AND DISCOUNT. 

834. Discount is an allowance^ or deduction^ made for the 
payment of a debt before it becomes due. 

335. The Present Worth of a debt, payable at a &ture 
time, without interest, is such a sum as, being put at interest, 
at the specified rate, will amount to the given debt when it be- 
comes due. 

336. True Discount is the difference between the present 
worth and the amount of the debt. 

337. Commercial, or Bank Discount, is simple interest 
on the principal for the given time, taken in advance. 



True Discount is the interest of the present worth for the 
given time, and Bank Discount is the interest computed on the 
principal 

Examples. 

1. What is the present worth of a debt of 11650, due 8 months 
hence, without interest, money being worth 6 per cent ? 
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WLat IS tlie true discount ? 

SOLUTION. 

11650 ~ 1.04= 11586.53 +, present worth. 
1650 - 1586.53 = t63.47, true discount. 

Analysis. —Since $1 will amount to |1.04 in 8 months, |1650 is 104 
per cent, of the sum which will amount to $1650 at the end of that time. 
Therefore, |1650 -*- 1.04 = the present worth. The difference between the 
present worth and the principal is the discount. Hence, 

To find the present worth and the discount of any 
sum of money due at a ftiture time. 

EuLE. — I. Divide the debt by the amount of II for the given 
time, at the given rate; the quotient will be the present worth. 

II. Subtract the present worth from the given sum; the re- 
muinder will be the true discount. 

Note. — The discount may be found directly, by dividing the interest 
of the principal by the amount of |1 for the given time, at the given rate. 

2. What is the true discount of $475.50, due 2 years and 9 
months hence, at 7 per cent. ? Ans. $76.76. 

3. Eequired the present worth of a deht of $846.50, due in 3 
years, money being worth 5 per cent. 

4. If a bank discounts a note, for $500, due in 60 days, 
and deducts simple interest on the amount, at 6^, how much 
more will it receive than the true discount.?^ Ans. $0,049+. 

5. What is the present worth, July 6, 1871, of a debt of $1700, 
due in 10 months from May 1, 1871, considering money worth 
6 per cent, per annum ? 

6. Bought a bill of goods amounting to $1450, on 6 months' 
credit. If money is worth f ^ a month, how much will be gained ' 
by settling the bill immediately, at 5^ off for cash ? 

7. Find the discount, also the present worth of $4362.50, due 
in 2 years and 4 months, at 7 per cent. 
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. BAN'K DISOOUI'J'T. 

The rate of interest which may be taken by banks Is, 
unless otherwise allowed in their charters, the legal rate of the 
State in which they are located, or transact their business. 

310. Banks usually loan money upon such securities as are 
approved by the Directors, as mortgages of real estate, commer- 
cial paper, with one or more responsible indorsers, or collateral 
securities. 

341. In reckoning discount on notes, the legal three days cj^. 
grace are always added to the time expressed therein, and in 
some States, as Pennsylvajiia, Delaware, Maryland, Missouri, 
Louisiana, the District of Columbia, and perhaps others, by 
established usage, both the day of discount and the day of pay- 
ment are included. 

The argument in support of this custom is, that the bank directors 
usually meet on the morning of Discount Day, and that the persons for 
whom discounts ^are made, can receive their money as soon as the bank 
opens, whereas they are not bound to pay till the last moment of the last 
day of grace, and, consequently, they have the use of the money for both 
days inclusive. 

There seems to be no express sanction for this custom in any of the 
above States ; but the United States Supreme Court has held it to be legal 
in the District of Columbia, upon proof of the long-established usage of the 
banks of Washington and Georgetown, to demand payment of notes due 
them, on the fourth day after the time limited therein. 

312. It is customary to compute the discount on notes run- 
ning for a few months, by days, although the time is expressed 
in months on their face. Thus, in discounting on July 10, a 
note dated July 1, payable two months after date, it will be 
considered as having 56 days to run, excluding the day of dis- 
count, or 57 days, including that day. 

313. Bank Discount, is simple interest on the principal. 
Therefore, in computing it, use any of the rules already given 
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for computing simple interest Deduct the amount from theprin- 
cipaly and the remainder will he the proceeds. 

EXAKPLES. 

1. Eeqnired the discount and the proceeds of the following 
note, March 12tli, 1871, according to the Pennsylvania rule, at 
6 per cent 

$1000. Philadelphia, March 12, 1871. 

Sixty days after date, I promise to pay to the order of H. B. 
Claflin & Co., One Thousand Dollars, at the Farmers and Me- 
chanics' National Bank value received, without defalcation. 

Martin Stevens 

SOLUTION. tlO.OO 

.50 $1000 

.17 10.67 



$10.67, Discount $989.33, Proceeds. 

2. Discounted at the Chemical Bank, New York, June 8th, 
1871, the following note, at 7 per cent. Required the proceeds. 

$600. New Yoek, May 25, 1871. 

Sixty days after date, we promise to pay Samuel "Wilson, or 
order, Five Hundred Dollars, at the Chemical Bank, New York, 
for value received. 

Hubbard & English. 



Time of note, 63 days. 
Time elapsed, 14 " 


.500 

4000 
.082 


1500. 
4.76 


Time to maturity, 49 " 


1495.24, Proceeds. 
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3. What is the difference between true and bank discount on 
11000, for 63 days, at 6 per cent ? 

4. For what amount must a note at 60 days be drawn, so that 
the proceeds, when it is discounted at a Philadelphia bank, will 
be $2500? 

Note. — ^Find the proceeds of (1, by which divide |2500. 

344. In discounting a note drawing interest, the discount is 
computed on the amount of principal and interest due at its 
maturity. 

5. What is the bank discount, at 6^, of a note for 1450, dated 
March 23, payable ninety days after date, with interest at 7 per 
cent, discounted April 25 ? What are the proceeds ? 

A71S. Discount, $4.58. 
Proceeds, 1453.56. 

6. Find the discount and proceeds of the following note, dis 
counted at Washington, March 18, 1871. 

$1600. Washington, D. C, March 1, 1871. 

Sixty days after date, I promise to pay James Sibley, or order. 
Fifteen Hundred Dollars, value received, with interest. 

Aabon Davis. 

7. Find the proceeds of the following note, discounted at 
Chicago, June 7, 1871. 

$1256.60. Chicago, April 1, 1871. 

Ninety days after date, we jointly and severally promise to 
pay John Whittaker, or order. Twelve Hundred and Fifty-six, 
rfjPf^ Dollars, for value received. 

William Jones 
Henry Thomas. 

8. What amount will be passed to the credit of George Barnes, 
who gets the following note discounted at the First iN^ational 
Bank, Detroit, Mich., July 7, 1871? 
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$413.75. Cleveland, Ohio, June 27, 1871. 

Sixty days after date, I promise to pay to the order of George 
Barnes, Four Hundred and Thirteen, ^^ Dollars, at the Third 
National Bank, Cleveland, for value received. 

Benjamin Howard. 



OOMMISSIOI^ AND BEOKEEAGE. 

315. Commission is an allowance made to an agent, factor, 
or commission merchant, for buying and selling merchandise, 
or other property, investing money, collecting debts, and trans- 
acting other business. It is usually reckoned at a certain per 
cent, of the amount of property sold or purchased, or money, 
involved in the transactions. 

346. A Commission Merchant is a person engaged .ex- 
clusively, or chiefly, in the business of buying and selling goods 
on commission. When goods are sent to him to be sold, he is 
called the Consignee ; the goods, a Consigiiment ; and the person 
sending them, the Consignor. 

347. A Broker, in a general sense, is an agent employed to 
effect bargains and contracts, as a middle-man, or negotiator, 
between other persons, for a compensation called Brokerage, 
He may, or may not, have possession of the subject-matter of the 
negotiation, though usually he does not, and, in this respect, he 
differs from a commission merchant, who transacts business in 
his own name. 

348. Stock, Money, and Exchange Brokers, generally combine 
commission transactions with their own business. 

349. The rate of commission depends upon the nature of the 
busmess transacted. In certain branches of business, it is 
established by custom, or the rules of Boards of Trade. The 
usual commission for buying and selling merchandise is from 2J 
to 5 per cent 
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«350. Brokerage ia computed, like commission, by percentage. 
The rute for buying and selling stocks is fixed by the Stock 
Exchange, and is from ^ to } per cent, of their ^ar value. 

351. Since commission, or brokerage, is percentage, all prob- 
lems occurring under this head may be solved by applying the 
•^lesfor like cases in Percentage. 

Examples. 

1. A commission merchant sells goods for another to the 
amount of 13650.75 : what is his commission at 2^ per cent ? 

2. A merchant in New York remits to his agent in Cincinnati 
$6642, for the purchase of merchandise, after deducting his com- 
mission of 2} per cent. How much will the agent invest for 
his principal, and what will be his commission ? 

Note. — The agent evidently ought not to receive a commission on his 
commission. He is required to invest such a sum of money as will amount 
to $6642 when his commission is added ; or, in other words, he has re- 
ceived $1.02i for eveiy dollar which he is to lay out. Therefore, the 
amount to be invested, will be found by dividing $6642 by 1.02i. 

Ans., To be invested, $6480, 
His commission, $162. 

3. A commission merchant in Havana bought a quantity of 
sugar for a firm in New York, amounting to $49087.50 : what 
was his commission, at 2^^ ? 

4. Sent to my agent in Chicago $3000 to invest in wheat, 
after deducting his commission of H^ : how much will he have 
to invest ? 

5. The commission of a real estate agent for selling a house 
amounted to $625 at 5 per cent. : for how much did he sell 
the house ? 

6. Winans & Co., Savannah, sell for Gardner & Jones, New 
York, a quantity of merchandise, amounting to $3842.50, and 
charge a commission of 2^ per cent. By instructions, they 
invest the proceeds in cotton for shipment to New York, after 
deducting a purchasing commission of IJ^^ : what amount do 
they invest ? ^ t 
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7. My attorney collected a certain snm of money amounting 
to $756.25, and charged me 5^ for his services : what did he 
charge, and how much did I receive ? 

8. A wool merchant in Philadelphia remitted to his corre- 
spondent in New York the proceeds of a consign ifient, amount- 
ing to $2453.75, less his commission of 2j^^, per draft, which 
he purchased at the expense of the consignor, at IJ per cent 
premium: what was the amount of the remittance? 

9. Eeceived and sold for John Eupp, St. Louis, 15 sacks of 
wool. The gross proceeds were $1433.78, and the charges were 
as follows : Freight, $104.03 ; Drayage, $1.50 ; Government tax 
on sales, -J^; and my Commission 5^ On the sales: what were 
the net proceeds ? A718, $1254.78. 

10. A broker purcliased for a gentleman $10000 worth of 
U. S. Bonds, and charged i^ for his services: what was the 
amount of his brokerage ? 

11. A broker sold for a customer 100 shares of railroad stock 
at $85 per share, the par being $100: what was his brokerage 
at I" per cent. ? 



PEOFIT AND LOSS. 



S52. Under the head of Profit and Iioss are included com- 
putations relative to gains and losses in buying and selling mer- 
chandise and other property, and the increase and decrease of 
values. 

353. Four cases occur, which involve an application of the 
principles of Percentage : 

1st. To fiiid the amount of gam or loss, when the cost and 
rate per cent, of gain or loss are given. 

^d. To find the rate per cent, of gain or loss, when the cost and 
selling price are given. ♦ 

3d. To find the cost, when the selling price and rate per cent 
of gain or loss are given. ^ T •• 
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4th. To find the selling pricCy when the cost and rate per cent 
of gain or loss are given. 

354. The Cost is the base on which the percentage is reck- 
oned. 

355. The Rate per Cent, is the nnmber of per cent, which 
the gain or loss is of the cost. 

35S. The Selling Price is the cost plus the gain, or minus 
the loss. It corresponds with the Amount^ or DifferencCy as de- 
fined in Percent^ige. 

357. The Amount of gain or loss is the difference between 
the cost and selling price. 

358. Therefore, to solve any problem in Profit and Loss, apply 
the proper rule, or rules, as given in Percentage. 



Examples. 

1. Bought a hous'e and lot for $12000, and sold the same lor 
$13500 : what was the gain per cent. ? 

2. Bought a quantity of merchandise amounting to $1000, 
and sold the same at 25^ profit: required the proceeds. 

3. 1 desire to sell a quantity of broadcloth, which cost me $6 
per yard, so as to make 15^ profit: at what price must I sell 

it? 

4. Sold a horse for 1150, and lost 25^: how much did the 
horse cost me ? 

6. A farmer bought a yoke of oxen for $150, which was 25^ 
less than their real value, and sold them for 25^ more than their 
real value : what was his gain per cent. ? Ans. 66f j^. 

6. Sold flonr at $10.45 per barrel, and thereby lost 5^ of the 
cost : what was the cost per barrel ? 

7. What price must I ask for cloth which cost me $3.80 per 
yard, in order that 1 may deduct h^ from my asking price, and 
Btill make 25^ profit ? (^r^r^rrl^ 
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8. A broker bought stock at 20^ above par, and sold it at 20)i 
below par : what per cent, of the cost did he lose ? 

Ans, 33^^. 

9. Bought a cask of wine containing 42 gallons, at $2.50 per 
gallon, and 12 gallons have leaked out : at what price per gallon 
must I sell the remainder, to gain 4 per cent, on the first cost ? 

10. Bought 100 barrels of flour, at $8.10 per barrel, and sold 
90 barrels for what the whole cost. If I sell the remaining 10 
barrels at the same price, what will be my total gain, and my 
gain per cent. ? 

11. A merchant sold a piece of goods which he had marked 
25^ above cost, at 20^ discount from his marked price, think- 
ing he should still make a profit. Did he gain or lose ? 

12. A grocer sold raisins which cost him 14 per box^ at 13.50 
per box : how much was the loss per cent. ? 

13. Sold flour at 19 per barrel, which was 10^ less than the 
original cost. What would have been the gain per cent if it 
had been sold at $10.50 ? 

14. A gentleman sold two house-lots at $1200 each. On one 
he gained 20^, and on the other he lost 20^. Did he gain or 
lose by the transaction, and how much ? 

15. A speculator bought 200 shares of railroad stock, at $96 
per share. He sold 100 shares of the same at a gain of 5^, and 
the other 100 shares at a loss of 5^. Did he gain or lose by the 
operation, and how much ? 

16. What per cent, advance on the cost of goods must I ask, 
in order to deduct 10^ from the asking price, and still make a 
profit of 10 per cent. ? 

17. A merchant purchased cloth at $3.50 per yard, less 5^ for 
cash. What was the net cost per yard, and what per cent must 
be added to the invoice price, to give a profit of 10 per cent ? 

18. A firm, having failed in business, owes to A $1975, to B 
$4250, to C $1682, and to D $1140. Their assets, less expenses 
of settlement, amount to $2397.45. What per cent of their in- 
debtedness can they pay? What dividend willz-eaj^jji^^^ditor 
receive ? Dm^^e^ by 
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Gold Value of a Depbbolated Currency. 

359. To find the value of one doUax in onrrenojy when 
gold is at a preminm. 

Examples. 

1. When gold is quoted at 150, what is the yalne of a dollar 
" greenback ?*' 

1.00 ^ Since $1.50 in currency is worth (1 iu 

SOLUTION, j-^ — .66f goid^ ti^e yalue of $1 in currency U «» of 
(1 in gold = 66| cents, Am. Hence the 

EuLE. — Divide II Jy 1 plus the premium expressed decX" 

nially: 

Note. — The term premium is here used in the popular sense, though, 
scientifically speaking, the currency is at adMown^, and not gold at a pre- 
mium, for gold is the standard. 

MONTHLY TABLE 

OF THE HIGHEST QUOTATIONS OF GOLD, 

From and including January ^ 1862, the date of the aiMpension of specie 
payment^ to August 1, 1871. 



Janaary.... 
February... 

March 

April 

May 

JnDe 

Jnly 

Angost 

September. 
October.... 
Noyember. . 
December . . 



mOHIEST FBICK8 OV GOLD. 



1863. 1863. 1864. 1865. 1866. 1867. 1866. 1860. 1870. 1871, 



106 
104 

102f 

\m 

104 
109i 

laoi 

116i 

124 

187 

1881 

184 



160 

17^ 

171* 

1571 

154f 

148» 

145 

12dt 

148i 

1661 

154 

163| 



1591 

161 

160i 

184 

104f 

260 

S85 

26U 

254i 

8S7f 

960 

S48 



234» 

216^ 

901 

153f 

1451 

1471 

146 

145f 

1451 

149 

1481 

14Si 



144f 
141i 
136^ 

vm 

14U 
167* 
155* 
152* 
147* 
154* 
148* 
141* 



187* 
140* 
140* 
141* 
138* 
138* 
140* 
142* 
146* 
145* 
141* 
187* 



149 

143* 

141* 

140* 

140* 

141* 

145* 

150 

145* 

141* 

137 

186* 



136* 

136* 

182* 

134* 

144* 

139* 

137* 

136* 

162* 

132 

128* 

124 



123* 

191* 

116* 

115* 

115* 

114* 

128* 

122 

117* 

114* 

118* 

111* 



IIU 
112* 
111* 
111* 
119* 
118* 
118* 
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By the foregoing^ table, it will be seen that the highest price of gold, 
from the first issue of paper money by the Government, to August 1, 187J., 
was in July, 1864, when it reached 285 ; that is, it took so many dollars in 
currency to buy 100 dollars in gold. With some fluctuations, paper has 
gradually appreciated until the present time (August, 1871), when the 
ruling price of gold is about 112. 

2. The greatest depreciation in "greenbacks" occurred in 
July, 1864, when gold was quoted at 285. What was the value 
of one dollar in currency at that time ? Ans. 35^ cents. 

3. When gold sells at 110 for currency, what is the discount 
on the currency ? Ans. 9-J^^. 



360. Insurance is a contract by which one party, in consid- 
eration of a certain sum paid, engages to indemnify another for 
a loss which he may sustain by certain casualties. 

361. The Insurer, or Underwriter, is the party who makes 
the contract, or takes the risk. 

362. The Premium is the sum paid for the insurance. 

363. The Policy is the written contract niade by the insurer. 

364. Thei'e are five kinds of insurance, namely, Fire, Marine 
and Inlandy Healthy Accident y and Life Insurance, 

365. The Insurance Business is carried on chiefly by incorporated asso* 
ciations, called Insurance Companies, 

366. Insurance Companies are divided into two classes,— iSfiocAr InsU" 
ranee Companies^ and Mutual Insurance Companies. 

A Stock Insurance Oompany is a company established with a speci- 
fied sum as Capital. This is divided into shares, and sold to individuals, 
which gives the company a " paid up" capital as a Beserve Fund^ to cover 
all losses which may occur to the insured, the stockholders receiving all 
tiie profits as dividends on their capital invested. 

Digitized by VjOOQIC 



FIRE INSURANCE. 228 

M7. A purely Mutual Company, on the other hand, is not only estab- 
liihed without any Capital^ but takes risks without Cash PremiuTns^ except 
a small charge for the Policy, and sometimes a percentage on the " Pre- 
mium Kotes," to defray incidental expenses. 

The persons insured become members of the company, and give notes 
for the premiums, and when a loss occurs, each member is " assessed" for 
his share, to discharge the liability of the company for the loss. The 
profits are distiibuted pro rata among the members at stated periods. 

368. Some companies, called Mixed Companies, are conducted upon the 
Stock and Mutual plans combined. 



FIKE INSTIRAlSrCE. 

369. Fire Insurance is insurance against loss by fire^ on 
Buildings, Merchandise, Household Furniture, Rents, Leases, 
Manufactories, and other insurable interests. 

370. A Rate Xiist is a schedule of charges for premiums 
adopted by a company, in which buildings and other property 
are classified, and the rates given, according to the nature of the 
risks. 

371. The charges are stated either at a certain rate per cent., or a cer- 
tain number of cents on $100. In the latter case, the rate is a fractional 
rate per cent. Thus, 30 cents on |100 is f.ftr or A of 1^ = .003 ; 75 cents 
on 1100 is .75^ = .0075 ; and f 1.50 on $100 is li^. 

A charge is also made for the Policy, and for Revenue Stamps.' 

The Revenue Tax on Insurance Policies is as follows : — On a Life In- 
surance Policy, issued for a sum not exceeding $1000, 25 cents ; exceeding 
$1000, and not exceeding $5000, 50 cents; exceeding $5000, $1.00:— On 
MaiTpe, Inland, or Fire Insurance Policies, when the premium amounts to 
$10 or more, 25 cents 5 when it does not exceed $10, 10 cents. 

372. Kisks are usually taken on furniture and ordinary mer- 
chandise, at the same rates as are charged for insuring the houses 
or stores in which they are contained. 

373. In computing Insurance, the rules of Percentage applyi 
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EXAHPLES. 



1. Required the cost of insuring a house and out-buildings, 
for 13000, at a premium of 75 cents on $100 per annum, allow- 
ing II for the policy, and the amount required by law for rev- 
enue stamps. 

BOLUTIOX. $3000 

.0076 . 



$22.5000, Amount of Premium, 

1.00 Charge for Policy, 

^5 Revenae Stamp. 



t23.75, Ans. 

2. A merchant insures his store and goods for f of their value. 
The store is valued at $12000, and the goods at $18000. He 
pays at the rate of |^, for 1 year, and $1.50 for the policy, and 
for the required reven ue stamps. How much does the insurance 
cost him for one year ? 

3. A hotel and its contents, worth $80000, are insured for |- 
their value, for 1 year, at IJ^ premium. A charge of $1.50 is 
made for the policy, and — cents for revenue stamps. Re- 
quired the cost of the insurance 

4. Required the cost of insuring a manufactory, deemed 
" extra hazardous," for $60000 for 1 year, at 5^. Survey and 
policy, $5.50 ; stamp, — cents. 

Note. — A surve]^ is an examination of tlie premises, to determine the 
character of tlie risk. 

5. What will it cost in cash to insure a frame dwelling-house, 
for $1000^1 in a Mutual Insurance Company, which takes for 
such a risk a premium note for 3 per cent., and charges 2^ per 
cent, in cash on the face of the note, 50 cents for the policy, and 
the cost of stamp ? Ans., $1.35. 

6. A farmer gets his stone dwelling-house insured for $800, at 
87i cents on $100 ; policy, $1 ; stamp, 10 cents. What is the 
cost the first year? 
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MAEINE AND INLAND INSURA.NCE. 

574. Marine and Inland Insurance is insurance upon 
"Vessels of all kinds navigating the ocean, seas, lakes, and rivers, 
and upon their cargoes, and other insurable interests, against 
loss caused by the perils of navigation. 

575. A Valued, or Closed Policy, is a policy in which a 
specified amount or value of the vessel or goods is insured, and 
inserted upon the making of the contract. 

576. An Open Policy is a policy taken out for a certain 
amount, to remain open for a specified time, for the insertion of 
such amounts, not exceeding the amount named, as may be re- 
quired to be insured within the specified time. When such a 
policy is issued, the company takes a note for the amount of 
the premium, which is held till the policy is closed, when a set- 
tlement is made. 

577. The rates vary with the risks, taking into consideration 
the seaworthiness of the vessel, the distance to be traversed, and 
all the hazards. 

Examples. 

1. Shipped on board the Ocean Wave, for Liverpool, a quan- 
tity of goods valued at 14500. Required the amount of the 
insurance at 2^; 11.00 for the policy, and the cost of revenue 
stamps. 

Note. — An insurance is sometimes desired to cover the value of the 
goods and the premium. In that case, to find the amount of the insurance, 
dhide the value of the goods by 1 rninus the rate of premium. 

2. For what sum must a policy be issued to insure $10000 and 
the premium, at 3^^ ? and what amount of premium must be 
paid? 

SOLUTION. 110000 -r- .965 = $10362.69, Amt to be insured. 

$10362.69 X .03^ = $362.69, Amt. of premium. 

Since the premium is 3^ of the amount to be insured, $10000 must be 
^\% of the same. Hence $10000 -*- .965 = $10362.69, Ana^ 
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3. Eequired the cost of insuring a quantity of merchandise, 
worth $2850, from Philadelphia to Pittsburg, by canal or rail- 
road, thence by steamboat to Cincinnati, at the rate of |^, in- 
cluding stamp, and II for policy. 



LIFE INSUEANCE. 

378. Life Insurance is a contract which provides for the 
payment of a stipulated sum to the heirs of the insured, or othei 
person, at his death, or to himself at the expiration of a speci- 
fied term of years. 

879. A policy payable at the death of the person insured, is 
called a Life Policy ; one payable at the end of a certain period, 
an Endovmient Policy. 

380. An insurance upon a life is effected by the pajrment, in 
advance, of an annual premium during life, or a specified term 
of years, the rate of premium depending upon the age of the 
insured, at the time the policy is issued. 

381. The rates of premium are based upon the Expectation 
of Life of the persons insured, and the rate of interest which 
may be obtained by investing the money received for premiums. 

382. The Expectation of Life of a person, at any age, is 
the average duration of the lives of individuals after that age, as 
determined from the rates of mortality. 

383. Several tables, showing the Expectation of Life, at different ages, 
have been constructed. The one most used in England is the CaHide 
Table^ prepared from data furnished by the Bills of Mortality in the town 
of Carlisle, from 1779 to 1787. The NbriTiampton Table, based on observa- 
tions on the deaths from 1735 to 1780 in the town of Northampton, is also 
used to some extent. 

These tables, together with the Wtgglesworth Table, prepared by Dr. 
Wigglesworth, from statistics of mortality in this country, are the basis 
of the premium tables adopted by many of the companies in the United 



The AcTUAKiEs', or Combined Exfebiencb Table, formed from the 
experience of seventeen prominent English Companies, and published in 
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1S43, is now accepted as a standard and reliable guide by the majority of 
the American Companies. 

The American Table, constructed from the experience of the New 
York Mutual Life Insurance Company, by Sheppard Homans, its Actu- 
ary, has been adopted by several companies, and by the 8tate of New 
York for State purposes. 

The Carlisle and Wioglesworth Tables will be found on page 384. 

The Actuaries' Table gives the Expectation of Life of persons under 30 
years of age greater, and over that, less than these tables. 

384. The following is a Table of Rates in 

A NEW YORK LIFE INSURANCE CO. 







No. 1.- 


-ANNUAL PREMIUMS. 






To secure 


$1000, payable as 


indicated, or at death, if prior. 




At Death 


In 


In 


In 


m 


In 


In 




Age. 


ouly. 


K Years. 


30 Years, 


25 Years. 


80 Years. 


16 Years. 


10 Yeare 


Affe. 


25 


$19 89 


$26 38 


$30 61 


$37 17 


$47 68 


$66 02 


$103 91 


IT 


26 


2() 40 


26 57 


80 80 


87 34 


47 82 


66 15 


104 03 


26 


27 


•20 98 


26 83 


31 02 


37 52 


47 98 


66 29 


104 16 


27 


S8 


21 48 


27 11 


31 25 


87 72 


48 15 


66 44 


104 29 


28 


29 


22 07 


27 42 


31 60 


87 92 


48 38 


66 60 


104 48 


39 


30 


22 70 


27 76 


81 78 


38 16 


48 68 


66 77 


104 58 


80 


81 


23 35 


28 13 


32 09 


88 41 


48 74 


66 9(i 


104 75 


81 


32 


24 05 


28 54 


82 48 


38 69 


48 97 


67 16 


104 92 


83 


8S 


24 78 


28 98 


32 79 


38 98 


49 22 


67 86 


105 11 


88 


34 


25 56 


29 46 


88 19 


89 31 


49 49 


67 60 


105 81 


84 


85 


26 38 


80 00 


33 63 


89 68 


49 79 


67 85 


105 63 


86 


3H 


27 25 


80 58 


34 11 


40 07 


50 11 


68 12 


105 75 


86 


87 


28 17 


81 22 


84 64 


40 50 


50 47 


68 41 


106 00 


87 


38 


29 15 


31 98 


35 23 


40 98 


50 86 


68 73 


106 28 


38 


8U 


30 19 


82 70 


35 88 


41 52 


61 80 


69 09 


106 58 


89 


40 


81 30 


83 65 


36 69 


42 10 


51 78 


69 49 


106 90 


40 


41 


82 47 




87 38 


42 75 


62 81 


69 92 


107 26 


41 


42 


88 72 




38 24 


48 47 


62 89 


70 40 


107 65 


42 


43 


35 05 




89 19 


41 26 


58 54 


70 92 


108 08 


43 


44 


86 46 




40 23 


45 12 


64 25 


71 50 


108 55 


44 


45 


87 97 




41 87 


46 08 


55 04 


72 14 


109 07 


46 


46 


39 58 






47 15 


55 91 


72 86 


109 65 


46 


47 


41 30 






48 82 


66 89 


78 m 


110 80 


47 


48 


43 13 






49 61 


57 96 


74 54 


111 01 


48 


49 


45 09 






61 04 


69 16 


75 51 


111 81 


49 


60 


47 18 






62 60 


60 45 


76 59 


112 68 


60 


51 


49 40 








61 90 


77 77 


113 64 


61 


62 


6178 








68 48 


79 07 


114 70 


52 


63 


54 31 








65 22 


80 61 


115 86 


63 


54 


57 02 








67 14 


82 09 


117 14 


54 


55 


59 91 








69 24 


83 82 


118 54 


66 


66 


63 00 










85 73 


120 09 


66 


67 


66 29 










87 84 


121 78 


67 


68 


69 82 










90 15 


128 64 


58 


69 


78 60 










92 70 


125 70 


69 


60 


77 63 










95 60 


127 96 


60 


6t 


81 96 












180 45 


61 


62 


86 58 












183 19 


62 


6:^ 


91 54 












186 20 


63 


64 


96 86' 












189 52 


64 


65 


102 65 












148 16 


65 
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2^8 TAXES. 

The rates are aboat the same ia all the companies. The premiums 
may be paid semi-annaally, or quarterly ; but, in that case, a percentage is 
added. Some companies haye ''participating," and "non-participating 
rates," the former entitling the policy-holders to a share in the profits. 
The foregoing table exhibits the rates of a Purely Mutual Company. 

EXAKPLES. 

1. A gentleman, at the age of 30, insures his life by taking a 
life policy for $3000, premiums payable annually : required the 
amount of the first payment, including II for the policy, and 
the cost of stamps. Ans. 169.60. 

2. A person, aged 40, insures his life for 12000, payable in 15 
years : what annual premium must he pay ? And what will be 
the amount of the first payment, reckoning the policy II, and 
adding the cost of stamps ? Ans, to the last, 1140.48. 

3. What will be the amount of the first payment for a life 
policy for $10,000, including charge's as above, the age of the 
insured being 45 ? 

4. Eequired the annual premium on a policy payable in 25 
years, taken by a person, aged 35, for the sum of 18000. 

Note.— For the method of estimating the amount of premiums paid 
annually, for a giyen term of years, at compound interest, see Annuitiet, 



TAXES. 



885. A Tax is a sum of money assessed upon the person or 
property of an individual for the support of the government, and 
other public purposes. 

386. A Foil, or Capitation Tax, is a tax levied upon the 
person of each male citizen liable to pay taxes, without regard 
to property. 

NoTB. — The word poU means head, and hence is often used to signify a 
person who pays a poll-tax. ^ i 

Digitized by VjOOQLC 



TAXES. 229 

387. A tax assessed on property is called a Property Tax^ and 
is reckoned at a certain rate per cent, on the estimated value of 
each person's property. 

888. Taxable property is either Real or Personal, 

389. Real Property, or Real Estate, consists oi fixed 
property; as, lands and houses. 

390. Personal Property consists of movable property ; as, 
merchandise, cash, stocks, ships, etc. 

391. For the purpose of assessing taxes. Assessors are ap- 
pointed, to estimate the value of all the taxable property .of the 
inhabitants of a city, district, or town ; and if a poll-tax is to be 
levied, to make a list of the polls. 

Examples. 

1. A tax of $5860 is to be raised in a certain town. The town 
contains 450 polls, which are assessed 11.50 each. The real 
estate of the town, subject to taxation, is valued at $756500; 
and the personal property, at $10400. What will be the rate on 
$1, and what will be the tax of Aaron Brown, who pays for 1 
poll, and whose property, real and personal, is valued at $3350 ? 

SOLUTION. 

$1.50 X 450 = $675, Total poll-tax. 

$5860 — $675 = $5185, Amount to be assessed on property. 

$756500 + $10400 = $766900, Amount of taxable property. 

$5185 -*- $766900 = $0.006i + , Tax to be assessed on each dollar. 

$3350 X .006} = $22,613, Brown's property tax. 

$22.61 +$1.50 =$2411, Amount of Brown's tax. 

From the above illustration we derive the following 

EuLE. — I. To find the rate of property-tax, divide the sum to 
be raisedy less tJis amount assessed on the polls, by the value of 
the taxable property, real and personal 

11. — To find each person's tax, multiply his taxable property 
by the rate^ and to the product add his poll-tax. 

S92. Having found the tax on $1, or the rate^r imat, a^ 
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above, assessors facilitate their business by preparing a tax table, 
as follows : 

Table. 

At the rate of 6J mills on $1. 



PROP. 


TAX. 


PBOP. 


TAX. 


PROP. 


TAX. 


PROP. 


TAX, 


$1 


$0.006J 


$20 


$0,135 


$300 


$20.25 


$4,000 


$27. 


2 


.0135 


30 


.1925 


400 


2.70 


5,000 


33.76 


3 


.019i 


40 


.27 


500 


3.375 


6,000 


40.50 


4 


.027 


50 


.3375 


600 


4.05 


7,000 


47.25 


6 


.033J 


60 


.405 


700 


4.725 


8,000 


54.00 


6 


.0405 


70 


.4725 


800 


5.40 


9,000 


60.75 


.7 


.047i 


80 


.54 


900 


6.075 


10,000 


67.75 


8 


.054 


90 


.6075 


1,000 


6.75 


20,000 


135.00 


9 


.0601 


100 


.675 


2,000 


13.50 


30,000 


202.25 


10 


.0675 


200 


1.35 


3,000 , 


20.25 


40,000 


270.00 



Examples fob Peactice. 

2» The town of Hudson is to raise $6840 by taxes; the taxa- 
ble property of the town is 1862000; there are 640 polls, each 
taxed $1. What will be the tax on $1, and what is A's tax, he 
paying for 1 poll, and his property being valued at $1750 ? 

3. In a certain village a schoolhouse is to be erected, at an 
expense of $3750. This amount is to be raised by a tax on the 
citizens of the district, whose property is valued at $22500. 
What will be the rate of taxation, to cover both the cost of the 
schoolhouse and the collector's commission of 3 J per cent. ? 

Note. — When the expense of collecting a tax is to be included, the net 
amount required, divided by 1 minus tJie rate to be paid for coUeeting^ will be 
the gross amount to be assessed. Hence, in this case, $3750 -«- .965 = 
$3886.01, gross amount of the tax. 

4. S«ppose it is required to raise by taxation, in a certain 
town, $7600, and that the taxable property of the town is 
$1558000 : what will be the amount to be assessed upon prop- 
erty, if the cost of collection is estimated at 2|^ per cent. ? What 
will be the rate on $1, and how much will be the tax of A, whose 
property is valued at $2460 ? 
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CUSTOM-HOUSE BUSINESS. 

S93. A Duty is a sum of money required by the government 
to be paid on the importation of goods, for revenue purposes, 
and the protection of home industry. 

394. Custom-Houses are branches of the Treasury De- 
partment, established by the General Government for the collec- 
tion of duties, each being controlled by a Collector and Naval 
Officer (in small ports of entry by a collector alone), who are 
responsible for such collection to the Secretaiy of the Treasury. 

395. Duties are Specific, Ad valorem^ or Comiined, 

396. A Specific Duty is a rate of duty chargeable upon 
quantity, without regard to cost. 

397. An Ad valorem Duty is a rate of duty chargeable 
upon the value of the goods at the last port of exportation. 



A Combined Duty is a combination of specific and 
ad valorem duties, or a rate of duty assessed upon both quantity 
and value. 

Tares, etc. 

399. Tare is an allowance, deducted before estimating the 
duties, for the weight of the box, cask, or bag, containing the 
goods. 

400. The following is a Table of Tares fixed by Act of Con- 
gress, July 14, 1862 : On all articles not included in the schedule, 
the actual tare only is allowed ; or, where the tare is expressed 
in the invoice, it may be taken, with the consent of the collector 
and consignee, as the actual tare ; but in no case shall there be 
any allowance for draft : — 

Almonds, in bale, %i% ; m bags, ^% ; in frails, 8^ ; Alum, in casks, lOj^ ; 
coarse or ground, in sacks, 2 lbs. per sack; Barytes, 8^ Cheese, in 
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casks or tubs, 10^ ; Cassia, in mats, Oj^ ; Coffee, Rio, in single bags, 1%; in - 
double bags, 2jg; all other kinds, actual tare; Cinnamon, in bales, Q%; 
Cocoa, in bags, 2% ; in ceroons, S% ; Cliiccoiy, in bags, 2% ; Copperas, in 
CAsks, lOjg ; CuiTants, in casks, 10^ ; Hemp, Manilla, 4 lbs. per bale ; Ham- 
burg, Leghorn, and Trieste, 6 lbs. per bale ; Indigo, in ceroons, 10^ ; Me- 
lade, in bags, llj^ ; Nails, in bags, 2% ; m casks, S% ; Ochre, diy, in casks, 
S% ; in oil, in casks, 12ji^ ; Peruvian Bark, in ceroons, 10^ ; Paris White, in 
casks, lOji^ ; Pepper, in bags, 2% ; in double bags, 4% ; Pimento, in bags, 25^5 
Raisins, in casks, 12jg ; in boxes, 25^ ; half-boxes, 27^ ; quarter-boxes, 29j^ ; 
in frails, 4^ ; Rice, in bags, 2% ; Spanish Brown, diy, in casks, 10% ; m oil, 
m casks, 12j^ ; Sugar, in hogsheads, 12ij^ ; in tierces, 12jg ; m barrels, 10j^5 
in boxes, 14% ; in bags, 2% ; in mats, 2ij^ ; Salt, fine, in sacks, 3 lbs. per 
sack ; Teas, China or Japan, invoice weight; all other kinds, actual tare; 
Tobacco, leaf, in bales, 10 lbs. per bale ; in extra covers, 12 lbs. per bale; 
Whiting, in casks, 10%, 

Note. — ^In reckoning tares, any fraction equal to, or exceeding half a 
pound, is called one pound, and any fraction less than half a pound is dis- 
regarded. 

401. Gross Weight is the weight of the goods with the 
box, cask, bag, etc., containing them. 

403. Net Weight is the weight of the goods after all de- 
ductions have been made. 

Dutiable Value of Meechais'disb. 

403. The Dutiable Value of Merchandise, nnder the 
present law, is the original cost, or actual wholesale price, in 
addition to commissions (in no case less than 2^^) and general 
charges incurred in the purchase, and also the cost of trans- 
portation, shipment, and transshipment, with all the expenses 
included, from the place of growth, production, or manufac- 
ture, whether by land or water, to the vessel in which ship- 
ment is made to the United States. 

FoEEiGK Currencies. 

404. The values of foreign currencies, to be used in estimat- 
ing duties, are proclaimed annually under the Act of Congress 
passed March* 3d, 1873. See page 329. The following is the 
circular issued January 1st, 1875. 
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Circular to Collectors op Customs and Others. 

Department No. 2. TREASURY DEPARTMENT, 

Secretary's Office*. Wasliington, D. C, January 1,1875. 

The first sectio i of the Act of March 8. 1878, pro? Idee " that the vahie of foreign coin, 
M eipresped in the money of account of the United States, shall be that of the pore 
meia of such coin of standard valne," and that " the valnes of the Htandard coins iu 
circnjatioii, of the various nations of the world, shall be estimated aniioally by the Direc- 
iNor of the Mint, and be proclaimed on the first day of January by the Secretary of the 

The estimate of valaes contained in the following Table has been made by the Direc- 
tor of the Mint, and is hereby proclaimed in compliance with the above-stated provisions 
of law* 



Argentine Republic. 

iuBtria 

Belgium 

Bolivia 

Brazil 



of) 



XONBTABT UNIT. 



Peso fuerte Gold.. . 

Florin. . Silver , 



STANDARD. 



British Possessions } 
in North America ) 

Bogota 

Central America. . . 

Chili 

Cuba , 

Denmark 

Ecuador 

Egypt 

Prance 

Great Britain 

Greece 

German Empire.. . . 

Hayti 

Japan 

India. 

Italy 

Liberia 

Mexico 

Netherlands 

Norway 

Paraguay 

Peru 

Porto Rico 

Portugal 

RuBsia 

^dwich Islands. ' 

Spain 

Sweden 

Switzerland 

TripoU 

Tunis 

Turkey 

United States 
Colombia. . . , 

Uruguay 



Franc 

Dollar 

Milreis of 1,000 reis. 

Dollar 



Gold and silver 
Gold and silver 
Gold 

Gold 



Peso 

Dollar 

Peso 

Peso 

Crown 

Dollar 

Pound of 100 piastres. . 

Franc 

Pound Sterling 

Drachma 

Mark , 

Dollar 

Yen 

Rupee of 16 annas 

Lira 

Dollar 

Dollar 

Florin 

Crown 

Peso 

Dollar 

Peso 

Milreis of 1,000 reis. . . . 
Rouble of 100 copecks.. . 

Dollar 

Peseta of 100 centimes. 

Crown 

Franc 

Mahbub of 20 piastres.. 
Piastre of 16 caroubs. . . 
Piastre 

Peso 



PatacoD. 



$100 
.45,3. 
.19,3 
.96,i5 
.54,5 

1.00 

.91,2 
.91,8 
.91,2 
.92,5 
.26,8 
.91,8 

4.97,4 
.19,3 

4.86.6i 
.19,3 
.23,8 
.95,2 
.99,7 
.43,6 
.19,3 

1.00 
.99,8 
.38,5 
.26,8 

1.00 
.91,8 
.92,5 

1.08,4 
.73,4 

1.00 
.19,3 
.26,8 
.19,3 
.82,9 
.11,8 
.04,3 

.91,8 

.94,9 

B. H. BRISTOW, Secretary of the Treaewry, 
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Gold 

Silver 

Gold 

Gold 

Gold 

Silver 

Gold 

Gold and silver 

Gold 

Gold and silver 

Gold 

Silver 

Gold 

Silver 

Gold and silver 

Gold 

Silver 

Silver 

Gold 

Gold 

Silver 

Gold 

Gold 

Silver 

Gold 

Gold and silver 

Gold 

Gold and silver 

Silver 

Silver 

Gold 

Silver 

Gold 



TALUS IN V, B. 
lEONNT. 



'ZU 
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VALUE OF CUEBENCIES BY USAGE WHEIf A CONSULAB CER- 
TIFICATE OF THE BEAL VALUE OF EXCHANGE IS NOT AT- 
TACHED TO THE INVOICE, 



$ CtB. 



raAOTIONAL FARTS OV TU 
CUBKBNCT. 



Banco Rix Dollar, Sweden 
** " Norway . . 

" " Denmart: 

Guilder, Brabaot 

CroiFn of Tuscany 

Cura9oa Guilder 

Francisconi 

Kobang of Japan 

Leghorn Dollar, or Pezzo. . . 

Livre of Catalonia 

Livre of Neufcbatel ....... 

Rix Myntli Dollar of Sweden. 

Rix Ral Thaler of Gottenburg 

Swiss Livre 

Scudi of Malta 

Scudi, Roman 

St. Gall Guilder 

Rix Dollar of Batavia 

Roman Dollar 



.39f 

.39} 

.58 

.88} 
1.05 

.40 
1.06 
1.88 

.90-,% 

.58i 

.36i 

.26i 

.27} 

.27 

.40 
99(^d9i 

40i%- 

.75 
1.05 



20 Soldi 
20 "Stivers 

4 Itzebou 
20 Soldi 
20 Sueldos 
20 Sols 



100 Centimes 
12 Tair 

60 Ereutzers 



Rouble, paper, of Russia. 



100 Kopecks 



TicalofSpain 61 

Turkish Piastre 05 100 Aspers 

Current Mark 

Florin of Prussia 22} 

Florin of Balse 41 

Genoa Livre 21 

Livre Tournois of France ... .18i 

In all cases when the Consul's Certificate is not attached to the Invoice, 
a Bond for the production of one will be required. 



12 Den an 
12 Pfennings 

1600 Seni 
12 Denari 
12 Dineros 
12 Dineros 



20 Grani 
4 Pfennings 



Varies from 4 rou- 
bles 63 copecks, to 
u> 4 roables 8 co- 
pecks to the dollar 



Entries. 

405. Upon the arrival of any goods from a foreign port, the 
invoice and bill of lading must be presented at the Custom- 
House, and verified by oath or affirmation. The entry must 
then be made in due form, when the clerk charged with the 
estimating of duties will make his estimate upon the value, 
weight, gauge, or measurement, as may be specified in the 
invoice, and order the same to be weighed, gauged, or measured 
by the United States weighers, gangers, or measurers, as the 
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law contemplates, charging duty only upon the quantity of 
merchandise actually arriving at the port of destination. 

Notes. — 1. If merchandise arrives, as il frequently does, without an 
invoice, it may be appraised and admitted ; but when the value exceeds 
one hundred dollars, it is necessary to apply to the Secretary of the Trea- 
sury for permission to enter the same for appraisement. 

2. Merchandise may be entered for consumption, warehousing, of for 
immediate transportation from one port to another within the limits of the 
United States, to.be exported to a foreign country, or there entered for 
consumption or warehousing. 

EsTiMATioiq- OF Duties. 

Example 1. The following is a foreign Invoice of Merchan- 
dise, together with the form of a Cash Entry for Consumption. 
What is the amount of the duties, payable in gold ? 



INTOICE OF MERCHAKDISB 

Shipped by lUdgway, Acton & Co., on board American Steamer Asia, Wilson^ 
Master, for Account aiid Risk of whom it may concern, and consigned to 
Messrs. HamUton, Phipps d Co. 





1 Case containing 

366 Brch. Bordered Shawls ® V4, 

In 15 Cartons. 

Trade Discount, .... 

Net Weight 255 lbs. 

1 Case containing 
260 Brch. Bordered Shawls, .... @ 8/8 
Id 10 Cartons. 
Net Weight 200 lbs. Trade Discount, . 

1 Case containing 
210 Pes. 30 in. White Check. Muslins, 20 yds. each, @ 9/9, 

1 Case containing 
200 Pes. 31 in. " " »» " »» ®ll/8. 

1 Case containing 
205 Pes. 81 in. " " »' " " ®18/-, 


£ 
134 

2 

103 
2 


s. 
4 

17 

2 
6 


d. 




6 

10 


£ 
121 

100 


s. 

7 

15 


d. 


8 




102 
112 
133 


7 
10 
5 


6 




348 


2 


6 










570 

7 

577 
7 

585 


5 

14 
4 


2 




CaRes, Tickets, Patterns, 
25 Cartons, Consul's Fees, "/4» ...... 

Commission, liV»» 

Manchester, April 15, 1871. 

MDGWAY, ACTON & CO. 
E. A 0. B. 


7 

9* 
6 
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I C(uh Entry.'] [No. 22.-Form 80.1 

Cntrp 0f iKcrclianbUr Imported by EamiUony Pkipps <fc d?., in the Steamer 
Asia^ whereof Wilson is Master, from Liverpool^ New Tokk, May 2, 1871. 



FACXAOBS AND 
CX)MTSNT8. 


IMVOICB. 
WHVB1E DATED. 




60 cta.pr. lb. 

A 400/. 


Hcts. 
persq.yd. 


TOTAL. 


2 Cas. Worst. Sh. 

Nob. 8 a 10 
8 Cas. Wht. Cot. 


Manchester, 
April 15, 1871. 


455 lbs. 
10,475 sq. yds. 


£222. 2. 8 


£848. 2. 6 




Charges m 


9 per Invoice 


£222. 2. 8 
3. 0. 2 


£948. 2. 6 
4.14. 5 


£570. 6. a 
7 14 7 






• Commission UVoi ^ V^^ Invoice 


£223. 2.10 
2.16. 2 


£352.16.11 
4. 8. 4 


£677.19. 9 
T. 4. 6 


Less conPuPs certificate, 1 


1/4 


£227.19. 
5. 


£357. 5. 8 
6. 4 


£685. 4. 3 
11. 4 






Shipping charges to Liverpool, 5/ ea 


£•227.14. 
10. 


£356.18.11 
15. 


£585.12.11 
1. 6. 


Commission to cqnal 2iVo 




£228. 4. 
2.1G. 2 


£357.1.S.n 
4. 8. 5 


£685.17.11 

7. 4. 7 






® $4.8665.... 


£281. 0. 2 
$1194.20 


£363. 2. 4 
$1767.10 


£593. 2. 6 
$2886.44 



455^1bs. ® 50c. 
10475 sq. yds. (^ 5ic. 



227.50 
576.13 



$1253.23 

2. Importation from Germany. — ^Entered by 0. A. Zoebish 
k Sons, an invoice from Christian Gottfr. Kessler, in Markneu- 
kirchen, per steamship. i/aw^a, from Bremen: 



Z. <fc 8,, Nos. 161-166. 



80^ 



Six cases musical instruments. 
Haimonicas, violins, flutes, and guitars. Thai. 2129.15.5 

Comets of brass 

Metal strings 



Cases, shipping, etc., to Bremen 

Commission 2\% 

At 69c 



2129.15.5 
80. 0.0 



2159.15.5 
58.29.7 



Thai. 2213.15.0 
$1527.81 

Duty, $1527, at 30^ = $458.10 
68, " 45j^ = 28.85 
99, " 85 = 8465 



45^ 



88.0.0 



88.0.0 
1.0.0 



89.0.0 
2.6.9 



91.6.9 
$62 95 



Total $521.10 



m% 



187.20.0 



187.20.0 
2.0.0 



189.20.0 
8.14.9 



143.4.9 
$98.78 
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3. Importatiok peom Peancb. — Entered at the port of New 
York, by Henry Barbey & Co., an invoice from Henri Bergoa- 
nioux & V. Richard, 4 Rue St. Joseph, Paris, by steamship 
Perm r6, via Havre: 
KB. AC. No. 143. 60c 8fi* m% • 



One case silk and worsted bareges Fr. 8227.10 

Weight 175 lbs. 
Bilks in piece 



Disc't, 7j^. 



Shipping charges to Havre, fr. 
Commissions, Z% 



3237.10 
225.90 

8001.20 
11.00 



8012.20 
90.37 



Fr. 2900.85 



Fr. 3102.57 Fr. 
Atl9Ac $598.79 

Duty, $599 at 35?^ = $209.65 

175 lbs., '* 50c = 87.50 

$538, " 60^ = 322.80 



2900.85 
203.06 

2697.79 
9.00 

2706.79 
81.20 

2787.99 
$588.08 



$619.95 



4. Importation from Switzerland. — Entered by Taylor, 
Olmsted & Taylor, an invoice from Breitling & Laederich, in 
Chaux de Fonds, per steamship Main, from Bremen : 

T. O. One case watches, fr. 6750, duty at 25ji^. Charges, cases, shipping, 
etc., to Bremen, fr. 11.50; commissions, 2i%. Required the amount of 
the duty. Ana. $883.84. 

Note.— In reducing foceign currencies, if the cents are fifty or over, 
they are taken as $1 ; if less than fifty, they are rejected. 

5. Imported by M. Good, New York, July 20, 1871, from 
Rosario, vid Buenos Ayres, S. A., the following mdse., dutyfree. 

D. & C. Ten bales, 8000 goat skins, $70,062.50 paper dollars, at 25 to a 
Patacon dollar = $2802.50 (P.). Charges, inland freight, and export duties, 
$239.96 (P.); com., 2i% on $3042.46 (P.). Charges, drawing com., and 1 
month's interest, at 1^, on $3118.52 (P.), from May 15 to June 14, $77.95. 
Total, $3196.47, at 16 patacons to a patriot doubloon = oz. 199.12.47, at 
$15.58, U. S. currency = $3112.89. 

Note. — Calculations, to convert the currencies, for impost purposes, are 
made on free goods, the same as if they were subject to duty. 
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EATIO. 

406. Ratio is the relation whioh one quantity or number 
bears to another of the same kind, with respect to magnitude. 

407. Two numbers may be compared in two ways — 

1st. By their difference, which is called their arithmetical 
ratio. The ratio shows how much greater, or less, one is than 
the other. 

2d. By the quotient of the one divided by the other, which is 
called, their geometrical ratio. The ratio shows how many 
times one is contained in the other. 

408. The word ratio, whep used alone, signifies geometrical 
ratio. 

409. It is evident, from the above definition, that either number may 
be taken as the divisor, or dividend, for the ratio is the measure of their 
comparative value. Thus, the ratio of 2 to 8 is | = 4, or | = \. Which- 
ever is taken as the standard^ is compared with the other ; 3 is on^ fourth 
of 8, or 8 is four times 2. 

But it is more in accordance with the general use of the terms, to con- 
sider the first the divisor, and the second the dividend. Ratios are chiefly 
used in forming proportions, in which the first term is almost invariably 
taken as the divisor. This rule is therefore here adopted. 

410. Since a ratio is the quotient resulting from the divi- 
sion of one number by another, it follows that both numbers 
must be of the same kind ; that is, if concrete, they must either 
be of the same denomination, or susceptible of reduction to a 
common unit. For example, there can be no comparison, in 
the form of a ratio, between 5 dollars and 4 pounds. But we 
can compare 5 dollars and 4 dollars, or 5 dollars and 4 cents, 
because dollars may be reduced to cents. 

411. The Terms of a ratio are the two- numbers compared. 
The first is called the antecedent, the second the consequent. 
The two terms taken together constitute a couplet.^ , 
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412. A ratio is indicated in two ways : 1st. By placing two 
dots, or a colon, between the terms. 2d. By writing the ante- 
cedent under the consequent in the form of a fraction. Thus, 
the ratio of 9 to 3 is written 9 : 3, or |. 

413. Simple Ratio is a ratio of two numbers; as, 6:12: 
cind is read, as 6 is to 12. 

414. A Compoimd Ratio is the indicated product of two 
or more simple ratios ; as, (7 : 2) X (5 : 10) = f X -V* = fj = 
35 : 20. 

Note, — When the multiplication is performed, the product is a simple 
ratio. 

415. A compound ratio is usually expressed by writing the 
simple ratios composing it, the one under the other; thus, 

!\n?_ ^Xl0x4 _ 80 
I ; ^l \ - 7X 5X3 - 105- 



105 : 80, Product, a simple ratio. 

416. Since a ratio indicates division, and may be expressed in 
fractional form, we derive from the laws of division and their 
application to fractions the following 

General Principles of Ratio. 

1. MuUijylying the antecedent, or dividing the consequent, 
divides the ratio. 

2* Dividing the antecedent, or multiplying the co7isequent, 
multiplies the ratio. 

3. Multiplying, or dividing, both terms by the same number, 
does not alter the ratio. 

417. And since the ratio of one number to another is equal to 
the consequent divided by the antecedent, it follows that — 

1. Tlie antecedent is equal to the consequent divided by the ratio. 

2. The consequent is equal to the antecedent multiplied by the 
ratio. r^^^^T^ 

Digitized by VjOOQ LC 



240 BATIO. 

Examples. 
What is the value of the following ratios ? 



1. 7 : 2S.Jn8.4. 

2. U: 7. Arts. i. 

3. 13: 39. 

4. 115 : 145. 



5. 3 lbs. : 18 lbs. Ans. 6. 

6. 4 oz. avoir. : 3 lbs. avoir, 

7. (6 : 4) X (16 : 8). 

8. i:i. 

9. If the antecedent be 6, and the ratio 4, what is the con- 
sequent? 

10. If the consequent be 36, and the ratio 3, what is the ante- 
cedent ? 

11. The ratio of two numbers is 8^ and the consequent f : 
what is the antecedent ? 

12. What is the reciprocal of the ratio 5 : 15 ? Ans. ^. 

Note. — The reciprocal of a ratio is 1 divided by the ratio, or the ratio 
of the terms inverted. This is sometimes, though improperly, termed 
Invert Ratio. There is, in fact, no sach thing as inverse ratio. In stating 
a proportion, it is frequently necessaiy to consider th^t one quantity varies 
inverfely as another, when one increases in' the same ratio as the other 
decreases. For example, if 10 men can perform a certain piece of work 
in 6 days, how long will it take 80 men to perform the same work? 
Now, no one would suppose that the employment of a greater force would 
increase the time. On the contrary, the WmG varies inversely as the number 
of men employed. But no ratio can be established between time and men ; 
and the ratio which determines the time is that of 30 men to 10 men, which 
is a direct ratio, and cannot be construed into the absurdity of an inverse 
ratio. 

The expression is perhaps admissible in such a connection as this : the 
given time is to the required time in the inverse ratio of 10 to 80, meaning 
in the ratio of these terms inverted; or, the men and the Imm are inversely 
proportional. 

13. Eeduce 18 : 9 to its lowest terms. 

14. Reduce to a simple ratio 

7:14 
2: 6 
9:18 



15. What is the ratio of f to | ? Atts. f 

Note.— Since the fractions have a common denominator, they are to 
each other as their numerators, and the denominators may be omitted. 
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418. Proportion is an equality of ratios. A Proportion 
may be either Simple or Compound. 

419. A Simple Proportion expresses the equality of two 
simple ratios. Thus, 

5 : 10 : : 6 : 12 

la a simple proportion, and indicates that the ratio of 5 to 10 
is equal to the ratio of 6 to 12. It is read, 5 is to 10 as 6 is to 12. 

420. The double colon between the ratios signifies their 
equality. 

421. A Compound Proportion expresses the equality of 
two compound ratios, or of a compound and a simple ratio 
The following are examples : 

3:4 ). j 9:16. 
3 : 2 J • • I 6 : 3. 

^^^^ l\^l\ ::6:12. 

The first* indicates that the ratio of 3 x 3 to 2 x 4, is equal to the ratio 
of 6 X 9 to 3 X 16 ; the second, that the ratio of 3 x 5 to 2 x 15, equals 
the ratio of 6 to 12. By performing the multiplications indicated, they 
may be reduced to simple proportions. 

Instead of the four dots, or double colon, between the ratios, the sign 
of equality is sometimes used ; as, 5 : 10 = 6 : 12. A proportion may 
also be written in fractional form ; as, V = ^. 

422. ThQjirst and third terms of a proportion are called the 
Antecedents; the second and fourth, the Consequents. The first 
and second together are the Jlrst couplet; the third and fourth, 
the second couplet 

423. The Extremes are the first and fourth terms. 

424. The Means are the second and third terms. 

425. All the terms are called Proportionals, and the last term 
18 called a fourth proportional to the other three in order. 
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42(. A Mean Proportional is the middle tei*m of three 
in continnal proportion, or the square root of the product of the 
first and third. Thus, 6 is a mean proportional between 4 and 
9; 6» = 4X9 = 36. 

42T. The two antecedents, or the two consequents, are called 
Homologous Terms, because they have the same ratio or pro- 
portion. 

428. By Geometry, it is demonstrated that a proportion admits 
of the following changes. Take the proportion, 

8 : 2 : :9 : 6 



Tlren, by Inversion, 
By Mtemaium, 
By Composition, 


2 : 
8 
• 3 + 2 
3 + 2 


3 : 

9: 

: 2 : 

3: 


: 6:9 
:2: 6 
:9 + 6 
: 9 + 6 


: 6, or 
9 


By Division, 


3-2 
8-2 


: 2: 
8 : 


:9-6 
:9-6 


: 6, or 
9 


By Conoersion, 


3: 3- 


-2 : 


: 9 : 9- 


-6 



By Sum and Difference, 3 + 2:3 — 2::9 + 6:9 — 6. 

429. In every propoTtioUy the product of the extremes is equal 
to the product of the means. 

To demonstrate this proposition, let the proportion, 8 : 9 : : 4 : 12, be 
written in fractional form ; thus, f = ^f. Then, reducing the fractioas to 
the same denomination, we have, 

9 X 4 _ 8 X 12 
8x4 3x4 

Now, since the fractions are equal, and haye the same denominator, their 
numerators must be equal, or 9 x 4 = 3 x 12. But, 9 and 4 are the means, 
and 3 and 12 are the extremes. Therefore, the product of the extremes is 
equal to the product of the means. Hence, any three terms of a propor- 
tion being given, the other may be found by the following 

Rule. — I. To find either extreme, divide the product of the 
mea7is by the other extreme, 

11. To find either mean, divide the product of the extremes by 
the other meaju 
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EXAKPLES. 

Find the term that is wanting in each of the following ex- 
amples : 



1. 12 

2. 3 

3. — : 

4. i: 


: 9 : : 8 : — , 
: 4 : : — : 8, 
7 : : 13 : 6J, 
- : : i : 8, 


6. 2 : 3t : : 7 : — , 

6. 1.5 : .6 : : — : 46, 

7. $6 : 17 : : 4 : — , 

8. 2 : 3 : : 6 lbs. : — . 


9. Find a mean proportional between 4 and 16. 


10. Beduc 


« 3 : 6 ^ 

7 : 5 >: 28 : 100 to a simple proportion. 
4 : lo) 



11. The first three terms of a proportion are 6, 8, and 7 : what 
is the fourth term ? 



SIMPLE PROPOETION. 

430. A problem in simple proportion always gives three terms 
of a proportion, and requires the fourth. Hence, the rule is 
sometimes called the Rule of Three. 

431. The arrangement of the given terms in the form of u 
proportion is called a stateme7it, 

432. In stating a question, it is customary to take for the 
third term that number which is of the same kind, or denomi- 
nation, as the answer sought. Then, the other two numbers, 
which will be of the same kind, will constitute the first and 
second terms, and must be arranged according to the conditions 
of the question. K these conditions imply that the answer will 
be greater than the third term, the ratio of the first couplet 
must be greater than 1, and the greater of the two remaining 
numbers must be the second term, and the other the first; if 
the answer must be less, the ratio of the first couplet must be 
less than 1, and this order must be reversed. 
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Example 1. If 6 yards of cloth cost $24, what will 9 yards 
cost at the same rate ? 

STATEMENT AND OFERATIOK. 

6 • 9 • • i24 Analysis. — The answer sought is to 

" " be in dollars ; therefore $24 is taken as 

the third term. Now, 9 yds. will cost 
more than 6 yds., or f as much. The 
6)216 cost varies directly as the quantity; 

hence the ratio of the given quantity, 6 
♦36, Ans, yds., to the increased quantity /9 yds., 
is the same as the ratio of the given cost to the increased cost. In other 
words, the cost of 9 yds. will be greaXer than the cost of 6 yds. ; therefore, 
6 is the first term, and 9 the second. In the three given terms, 9 and 24 
are the mMeM^ and 6 is one of the extremes. The product of the means is 
found to be 216, and this product, divided by 6, gives 86, the other ex- 
treme. 

Cancellation. — As already explained (Art, 67), equal fac- 
tors may be cancelled from the first and second, or first and 
third terms. Thus, in the above example, cancelling 6 from the 
first and third terms, we have, 

4 

$36 
Or, cancelling 3 from the first and second terms, we have, 

3 

2)72 

$36 

Example 2. If 3 men can do a certain piece of work in 21 

days, how long will it take 7 men to do the same work ? 

BTATSMEKT Ain> OPERATION. ANALYSIS.— The auswcr is required in 

$ : ^ : I fX days ; hence 21 is the third term. Now, 

3 tlie time will vaiy inversely as tlie num- 

_ her of men employed ; or, the lime will 

9 davs Ans decrease in the same ratio as the force 

^ ' ' increases. Therefore, tlie lime will be 

less than 21 days, ui the ratio of 7 to 3 ; and 7 is the fii-st term, and 3 the 

second. 

Digitized by VjOOQIC 



SIMPLE PROPORTION. 245 

From these examples and explanations we derive the following 

EuLE. — I. Take for the third term that number which is of the 
same kind as the answer sought. 

11. If the question implies that the answer will be greater than 
the third term, make the larger of two remaining numbers the 
second term, and the other the first ; but if the answer must be 
less than the third term, make the smaller of these numbers tlie 
second term, and the larger the first. 

in. Divide the product of the second and third terms by the 
first term j the quotient will be the answer in the same denomi- 
nation as the third term. 

Notes. — 1. To abridge the operation of mnltiplying and dividing, first 
cancel equal factors from the first and second, or first and third teims. 

2. The first and second terms must be of the same denomination, or 
capable of being reduced to the same unit value. When necessary, reduce 
them to the same unit 

8. If the third term be a compound number, reduce it to its lowest unit, 
or to a decimal, or fraction of the highest. 

Examples fob Practice, 

1. If a man travel 900 miles in 8 days, how far will he travel 
in 3 days, at the same rate ? • 

2. If 3 tons of coal cost $19.50, how much wiU 17 tons cost? 

3. What must be paid for a certain piece of cloth, if f of it 
cost $24 ? 

4. Two numbers are to each other as 4 to 7, and the greater 
is 195 ; what is the less ? 

5. A garrison of 1000 men has provisions for 60 days. How 
many men must be discharged that the remainder may be sup- 
ported 100 days ? 

6. If 40 men be required to build a wall 620 rods long, in 7 
days, how many men will build 868 rods in the same time ? 

7. Suppose a railroad train to run at the rate of 20 miles in 
50 minutes, in what time will it run 275 miles ? 
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8. If a stake 5 feet 4 inches in length, standing perpendicu- 
larly, cast a shadow 7 feet long, what is the height of a tree 
which casts a shadow 45 feet 6 inches ? 

9. If a man can perform a certain piece of work in 14 days, 
by working 12 hours a day, in how many days can he perform 
the same work, by working 8^^ hours a day ? 

10. A certain cistern has 3 pipes ; the first will empty it in 20 
minutes, the second in 40 minutes, and the third in 75 minutes : 
in what time will they all empty it ? Ans. 11 m. 19^ sec. 

11. If a watch, showing correct time at noon on Monday, loaes 
2 minutes 16 seconds per day, what time will it show on Wed- 
nesday at 6 o'clock p.5f . ? 

12. What quantity of water must be added to a cask of wine 
containing 120 gallons, which cost 1210, to reduce the first cost 
to $1.50 per gallon ? 

13. A contractor, having engaged to do a job of work in 15 
days, employed 9 men for thafc purpose ; but, after they had 
worked 12 days, he found that it would take 8 days more, with 
that force, to complete the job : how many additional men must 
he employ to finish it within the stipulated time ? 

14. If a pile of wood, 36 feet long, 4 feet wide, and 5 feet high, 
costs 129.25, what w^l a pile 120 feet long, 4 feet wide, and 6 
feet high, cost, at the same price ? 

15. How many days will it take 18 men to do a piece of work 
which 50 men can do in 5^ days ? 

16. A fox is 75 rods before a greyhound, and while the fox is 
running 20 rods the greyhound runs 30 rods : how far must the 
dog run to overtake the fox ? 

17. It is required to divide $1542 among three persons in the 
proportion of ^, f, and f : how much will each receive ? 

18. How many yards of carpeting, J of a yard wide, are equal 
to 40 yards 1{- yards wide ? 

19. Two men purchase a lot of standing grass for $36.50, 
-^nd, on cutting it, one takes 3J tons of the hay, and the other 

tons : what ought each to pay? r^ t 
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COMPOUND PROPOETION. 

433. A Compound Proportion^ as applied to the solution 
of problems, involves two or more simple proportions. Hence, 
the rule is sometimes called the Double Rule of Three, 

434. Every problem contains two or more conditions, upon 
each of which the answer depends. Each condition implies a 
separate ratio, and will give a simple proportion ; but a com- 
bined statement is usually made, in the form of a compound 
proportion, consisting of a compound and a simple ratio. 

435. The first and second terms of each couplet of the coia- 
pound ratio, mast be numbers of the same kind or denomina- 
tion, and the third term of the proportion a number of the same 
kind as the answer sought 

Example. If 8 men can earn 1160 in 9 days, by working 12 
hours a day, how much can 20 men earn, in 7 days, by working 
10 hours a day ? 

436. We will first give a solution by Simple Proportion. 

Solution. — The answer to this question depends on three conditions ; 
namely, the number of men employed, the number of days they work, and 
the number of 7iours they work each day. 

Now, 20 men will earn more money, in the same Hme^iheLix 8 men ; and 
this leads to the following proportion : — 

' 8 men : 20 men : : $160 : $400. 

But, the 20 men only work 7 days. Therefore, assuming the hours to 
be the same, they will earn less than $400, in the ratio of 9 to 7. This 
gives 

9 days : 7 days : : $400 : $311^. 

But, again, they only work 10 hours a day, and will, therefore, earn less 
than $311^, in the ratio of 12 to 10. 



Hence we have, finally, 

12 hours : 10 hours : : $311^ : $259/r) -^ni. 
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487. By Compound Proportion, these separate statements are 
combined in one, as follows : — 



STATEMENT AND OPERATION. 
5 



9 



lo) •• 



20 
2^0 



6 X 7 X 10 X 20 



9X 3 



= 259^, J n«. 



Or, 






m 





30 


9 


7 


31^ 


10 


27 


7000 




54 



20 
5 



(259^, Ans. 



160 
135 

250 
243 



AKALTBI&— Making |160 the third 
term, we form the ratio required by- 
each condition precisely as if the 
answer depended npon that condi- 
tion alone. Thus, other things being 
equal, 20 men will earn nuyre than 8 
men; therefore 20 is the second 
term of one couplet, and 8 the first. 
Again, a certain number of men 
will earn less \n ^ days than in 9 
days ; hence, for this condition, we 
have the ratio 9 : 7. Lastly, they 
will earn less, by working 10 hours a 
day, than by working 12, which 
gives the ratio 12 : 10. The contin- 
ued product of the second terms 
multiplied by tlie thmi, and divided 
by the continued product of the 
first terms, gives the fourth term, or 
answer. 

Note. — This, and eveiy similar 

problem, may be solved by Analysis, 

7 Thus, if 8 men, in 9 days of 12 hours 

each, earn $160, 20 men will earn V of $160 = $400. If, in 9 days, 20 
men earn $400, in 7 days they will earn i of $400 = $31 1^. If, in 7 days, 
20 men earn $311^, by working 12 hours a day, they will earn by working 
10 hours a day \i of $311^ = $259^. 

438. From the foregoing illustrations and explanations, we 
derive the following 

Rule. — I. Make that number which is of the same kind as 
the answer required the third term, • 

II. Of the remaining numbers^ take any two of the sa7ne kindy 
to forma ratio, and arrange them as in Simple Proportion, as 
if the result depended on them alone ; then any other two, and so 
on, till aU are used. 

III. Multiply the continued product of the second terms by the 
third, and divide by the continued product of the first ; the quo* 
tient will be tJie required answer. 
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Pboblehs. 

L If 120 men can mow 66 acres of grass in 9 days, how long 
will it take 45 men to mow 112 acres ? 

2. If 8 persons consume 3 barrels of flour in 3 months^ how 
long will 18 barrels last 100 persons ? 

8. If 16 horses consume 84 bushels of grain in 24 days, how 
many bushels will 32 horses consume in 48 days ? 

4. If 12 masons can erect a wall 400 feet long, 12 feet high, 
and 18 inches thick, in 13 J days of 10^ hours each, how long 
will it take 5 masons to build a wall 250 feet long, 18 feet high, 
and 22^ inches thick, working 12^ hours a day ? 

5. A ship's crew of 300 men were so supplied with provisions 
for 12 months, that each man was allowed 30 ounces per day ; 
but after having been 6 months on their voyage, they found it 
would take 9 months longer to finish it, and fifty of their num- 
ber had been lost. It is required to find the daily allowance of 
each man during the last 9 months. 

6. How many men in 36 days of 16 hours, will do three times 
as much work as 24 men can perform in 28 days of 12 hours ? 

Ans. 42. 

7. If 9 men, in 12 days, can build a wall 36 yards in length, 
how many additional men must be employed to continue the 
wall 74 yards further, in 15 days ? Ans. 13. 

8. If 15 compositors, in 7 days of 8 hours 40 minutes each, 
can set 420 pages of type, each page containing 40 lines, and 
each line 39 letters, how many hours a day must 8 compositors 
work, in order to set, in 10 days, 240 pages of 52 lines each, and 
44 letters in each line ? 

9. If a family of 4 persons consume a barrel of flour in 8 
weeks, how many barrels, at the same rate, will 20 persons con- 
sume in a year of 52 weeks ? 

10. If 3 bushels of barley, weighing 45 lbs. per bushel, can be 
bought for 2 bushels of corn, weighing 58 lbs. per bushel, how 
much barley, weighing 48 lbs. per bushel, would be equivalent to 
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100 bushels of com, weighing 56 lb8.per bushel, considering the 
price of each to yary with the weight ? 

11. Three pipes of equal size will fill a certain cistern with 
water in 1 hour and 40 minutes: in what time will 5 such pipes 
fill a cistern whose capacity is 2^ times as great ? 

Ans. 2^ hours. 

12. If a man travel 120 miles in 3 days, travelling 8 hours a 
day, how far would he go in 7^^ days, travelling H hours a day ? 

13. How many pounds of cotton will it take to make 20 pieces 
of sheeting, each containing 28 yai-ds, IJ- yards wide, if it takes • 
22 pounds of cotton to make 2 pieces of sheeting, each contain- 
ing 32 yards, 1\ yards wide ? 

14. If 3 men, by laboring 10 hours a day, can mow a field of 
18 acres in 5 days, how long will it require 7 men and 4 boys to 
mow a field containing 30 acres, provided each boy can do |^ as 
much as a man ? 



AlJTALTSIS. 



439. Analysis, in arithmetic, is the process of solving prob- 
lems by applying general principles, according to the condi- 
tions of each case, independently of special rules. 



Examples. 

1. If one man can do a certain piece of work in 12 days, by 
working 8 hours a day, how many men will it require"" to do* 
the same Work in 4 days, if they work only 6 hours a day ? 

soLunoK. Analysis. — Since one man can do the work 

12 in 12 times 8 hours = 96 hours, and one man, in 

g 4 days of 6 hours each, can do 4 x 6 = 34 hours* 

work, it follows that it will take as many men to 

^ w ^ __ 24)96 ^^ ^® whole in 34 hours, or 4 days of 6 hours 
each, as 34 is contained times in 96 = 4. 



4, An$. 
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2. A merchant, owning ^ of a ship, sold J of his share for 
19450 : how mnch is the whole ship worth, at the same rate? 

80LT7TION. 5 X } = Jii Share sold. 

And, $9450 -*- H = $14400, Value of the ship. 

AiTALTSis. — Since fi of the ship is worth $9450, A is worth ^ of |9450 
:::: $450, and ih or the whole, is worth 32 times $450 — $14400, Ans, 

3. A garrison of 1500 men has a supply of provisions for 9 
months, at the rate of 14 ounces per day: how long will the 

• supply last, if the garrison be reinforced by 500 men ? 

4. A person, having an income of $1000 per annum, spent 
one half of it in 9 months : how much will he have remaining 
at the end of a year, if he reduce this rate of expenditure one 
fourth? 

5. If 9 tons of coal cost $67.50, what will .375 of a ton cost ? 

6. The hour and minute hands of a watch are together at 
12 o'clock : when will they next be together"? 

7. A and B can saw a cord of four-feet wood, each length into 
two pieces, in 2 hours; but, with the assistance of C, they can 
saw each length into 3 pieces, in 3 hours : how long will it take 
C to saw each length into 3 pieces? Ans. 12 hours. 

8. B's age is If times the age of A, C's is l-^^ times the sum of 
their ages, and the sum of all their ages is 78 : what is the age 
of each ? Ans. A's 12, B's 21, O's 45. 

9. A can do a ciertain piece of work in 18 days of 10 hours 
each ; B can do f as much as A, in the same number of days, 
Jjy working 8 hours a day : how long will it take both, working 
10 hours a day, to accomplish the work? Ans. II4 days. 

10. If the wages of 20 men for 11 days amount to $550, for 
how many days can 15 men be employed for $375 ? 

11. A man who owned f of a stone quarry, sold 25 per cent, 
of his share for $15000 : what part of the whole quarry did he 
sell, and what part did he retain ? 

12. A and B had the same income. A saved J of Ws ; but B, 
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by spending $150 a year more than A, found himself, at the end 
of 10 years, $250 in debt : what was the income of each ? 

13. A has a hog weighing 300 pounds, and B has another 
weighing 500 pounds. C buys both hogs, weighed together, 
for 5 cents per pound. The three men agree that A's hog is 
worth i cent more per pound than B's, and shall be paid for 
at that rate : how much per pound will A and B each receive 
for his hog ? Ans. A, 5^ cents. 

B, 4^ cents. 

14. If 12 oxen eat 3^ acres of grass in 4 weeks, and 21 oxen 
eat 10 acres in 9 weeks, how many oxen will eat 24 acres in 18 
weeks, the grass being at first equal on every acre, and growing 
uniformly? Ans. 36 oxen. 

15. A shepherd, being asked how many sheep he had, replied: 
" If I had as many more, and half as many more, and two sheep 
and a half, I would have a hundred :'* how many had he ? 

Ans. 39, 

16. A and B have each the same sum of money. If A had $20 
more, and B $10 less, A would have 2J times as much as B : 
what has each ? Ans. 32.50 



STOCKS AI^TD BOIfDS. 

440. Stock, or Capital Stock, is the general name of the 
capital of incorporated companies. 

441. Shares are portions of the stock owned by individuals, 
who are termed Stockholders. 

442. Certificates of Stock are the written instruments 
issued to the stockholders, signed by the proper oflBicers, certify- 
ing the number of shares to which they are respectively entitled. 
These are transferable, and are bought and sold like any other 
property. 

443. The Par Value of a share of stock is its original, or 
nominal value,— the amount specified in the certificate^^^j^ 
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414. Stock is above, or below par, when it sells for more, or less, 
than its nominal or par value. When above par, it is said to be 
^t di, premium j when below, at a discount. 

445. A Dividend is a sum divided among the stockholders 
fi^om the profits of the business of a company. 

446. A Bond is a formal written obligation under seal to 
pay a certain amount of money, at a specified time, usually with 
interest. Bonds of railroad companies and other corporations 
are generally issued for loans, and are secured by mortgages 
upon their property. 

447. Bonds of the General Government, States, counties, and 
cities, are also issued for loans, but are secured only by public 
faith. 

448. Coupon Bonds are bonds with interest certificates 
printed at the bottom, to be cut off and presented for payment, 
when due. These bonds, being made payable to the holder, are 
negotiable by delivery. 

449. Registered Bonds are bonds payable to the order of 
the holder or owner, and can be transferred only by assignment 
duly acknowledged. 

450. The term Stoeks va frequently applied to Gtoverament bonds, as 
well as to the shares of incorporated companies. 

451. The market value of stocks is generally quoted by the per cent. 
of their par value which they bring. For example, if shares of the par 
value of $100 sell at 87 per cent., they are quoted " 87," and if at 112 per 
cent, they are quoted "112." So, if the par value is $50 per share, and 
the market value is $49, the quotation will be '* 98." There are exceptions 
to thia rule. In some cities, the quotations signify the actual prices of the 
shares. 

452. Oonsols is a term abbreviated from the words Consolidated Annu- 
ities, in the Act of Parliament consolidating the Government bonds of 
Great Britain, which had been issued at various times for money bor- 
rowed. They bear interest at the rate of 3 per cent, per annum, payable 
semi-annually. These bonds are payable only at the option of the Gov- 
ernment, and are, therefore, practically, perpetual annuities. ^ , 
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GENEEAL INFOKMATION 

EeGAEDING U. S. GoVERNMEirr SEOtTRiriBS* 

453. The following are description* of the Government bonds 
issued under various acts of Congress : — 

454. 6'8 of '81, dated in 1861, and redeemable 20 yeai-s from January 
1st and July 1st of that year. They are called 1881*8, because they are 
due in the year 1881. The interest on them is 6 per cent, in gold, payable 
January 1st and July 1st There are three series of these bonds ; to 
wit >- 

Ut SerieSy Issued under Act of February 8th, 1861. 

2d Series, Issued under Acts of July 17th and August 5th, 1861. 

9d Series, issued under Act of March 3d, 1868. 

455. 6-20'b of 1862, sometimes called otd, because they were the first 
of these popular bonds issued, and designated 5-20'8, from the time they 
have to run. They bear date May 1st, 1863, are redeemable in five years, 
or May 1st, 1867, and payable in twenty years, or May 1st, 1882. The 
interest is 6 per cent., in gold, payable May Ist and Nov. 1st 

The coupon bonds of this issue sell higher than the other 5-20's, be- 
cause, having been the first to be placed upon the foreign market, they 
were largely sold abroad, and are always in demand for remittance and 
investment there. 

These bonds were issued under Act of February 25th, 1862. 

456. 6-20'b of 1864, dated November 1st, 1864; redeemable after 
November 1st, 1869 ; payable November 1st, 1884. They bear interest at 
6 per cent, in gold, due May 1st and November Ist 

These bonds were issued under Acts of March 3jd and June 30th, 1864. 

457. 5-20'b of 1866, November issue. These bonds bear date Novem- 
ber 1st, 1865; are redeemable after November 1st, 1870, and payable 
November Ist, 1885. The interest is 6 per cent, in gold, due May 1st and 
November 1st The coupon bonds of this issue command, generally, a 
higher premium than the bonds of 1864, in consequence of foreign de- 
mand. 

They were issued under Act of March 3d, 1865. 

458. 6-20's of 1865, July issue. These bonds were issued in exchange 
for 7-30's, and ai-e dated July 1st, 1865. They are redeemable after July 
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•St, 1870, and payable July Ist, 1886. They bear 6 per cent interest, in 
gold, payable January 1st and July 1st 

They wefe authorized by Act of March 3d, 1865. 

459. 6-20'b of 1867, issued also in exchange for 7-30's, dated July 1st, 
1867 ; redeemable after July 1st, 1872, and payable July Ist, 1887. The 
interest on them is 6 percent., in gold, due January 1st and July 1st 

These were also authorized by Act of March 3d, 1865. 

460. 6-20'b of 1868. These bonds were also issued by authority ol 
the Act of March 3d, 1865, in exchange for 7-30*s. They are dated July 
1st, 1868 ; redeemable after July 1st, 1873, and payable July 1st, 1888. The 
interest is 6 per cent in gold, due January 1st and July 1st 

461. 1O-40 Bonds. These bonds are so named from the time they 
have to run, being redeemable after ten years, and payable in forty years 
from their date, March 1st, 1864. The interest is 5 per cent, in gold, pay- 
able on the $500 and flOOO coupon bonds, and on all the registered bonds, 
March 1st and September 1st, and on the flOO and |50 coupons, yearly, 
on March 1st They were authorized by the Act of March 3d, 1864. 

462. n. 8. Pacific Railroad Ourrency Sizes. These were issued by 
the Government to the companies chartered by Congress to construct 
railroads to and from the Pacific Coast , and on the completion of twenty 
miles of track, at the rate of $16,000, $32,000, and $48,000 per mile, accord- 
ing to the difficulty of construction. They bear 6 per cent interest, in 
currency, payable January 1st, and July 1st and 16th. They are all 
registered bonds of $1000, $5000, and $10,000, and are redeemable in 
thirty years from the date of then- issue. 

463. The 7-30 Treasury Notes, issued in 1864 and 1865, were pay- 
able in three years, or then convertible, at the option of the holders, into 
bonds, and have nearly or quite all been redeemed, or converted, and are 
no longer on the market They were called Sevenrl'hirties, from the rate 
of interest they bore ; namely, 7A- per cent oer annum. The interest was 
paid semi-annually. 

Bonds of the Funded Loan. 

464. The Funded Loan of the United States of 1880, 1885, and 1900, 
under an *' Act to authorize the refunding of the national debt,'* approved 
July 14th, 1870, comprises three classes of bonds, namely— 

1st Bonds to the amount of $200,000,000, payable at the pleasure of the 
United States after ten years from the date of their issue, and bearing in- 
terest, payable semi-annually in coin, at the rate of 5 per cent per annum. 
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2d. Bonds to the amount of $300,000,000, payable in like manner after 
fifteen years, with interest semi-annually, in coin, at 4^ per cent, per 
annum. 

8d. Bonds to the amount of $1,000,000,000, payable in like manner after 
thirty years, with interest semi-annually, in coin, at 4 per cent per annum. 

An amendment to this Act, approved January 20, 1871, authorized the 
increase of the 5 per cent, bonds to $500,000,000, and provided that the 
interest on all these bonds may, at the discretion of the Secretary of the 
Treasury, be made payable quarter-yearly. 

These bonds are issued to subscribers to the National Loan, in accord- 
ance with the terms of a Circular issued by the Treasury Department, 
October 8, 1870. 



485. All gold-bearing bonds are either coupon or registered. 

466. Coupon bonds are issued in denominations of $50, $100, $500, 
and $1000 ; registered the same, with the additional denominations of 
$5000 and $10000. • 

467. Registered bonds are sold and transferred by indorsement, which 
may be in blank, with an acknowledgment before a United States officer, 
according to directions on the back of the bonds. 

468. Coupon bonds can be converted into registered bonds of the same 
loan, by sending the coupon bonds to the Secretary of the Treasury, with 
a letter detailing the amounts, numbers, date of the Act of Congress au- 
thorizing the loan, and stating in whose name the bonds are to be issued, 
and where interest is to be paid. Always inclose bonds of different loans 
in separate letters. 

469. Letters relating to the transfer of registered bonds, or pa5rment 
of interest on the same, should be addressed to the Register of the Treas- 
ury. Powers of attorney to draw interest should be addressed to the Fin»t 
Auditor of the Treasury. 

STOCK INVESTMENTS AND DIVIDENDS. 

470. The problems presented under this head relate to the 
finding of the cost of stocks at given quotations ; the percentage 
of gain or loss on purchases and sales; the per cent, of gain de- 
rived from dividends; and the comparative productiveness of 
different investments. ^ t 
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471. The market value of stocks and bonds depends mainly upon their 
character as securities, and the income they produce, as compared with 
other inyestments. For instance, if a certain stock yields an annual in- 
come of 12 per cent, while the average rate of interest obtained by loans 
upon other securities is 6 per cent, the stock will, other things being equal, 
rise above par. On the contrary, if the stock is liable to considerable 
fluctuations, is uncertain as a permanent security, and produces an income 
less than the average rate of interest, it will fall below par. Independent 
of these considerations, however, stocks, as well as bonds bearing a fixed 
rate of interest, are subject to fluctuations, arising from speculation, the 
state of finances, and other causes. 



Case I. 

472. To find the value of Stock when at a premiiun or 
discount. 

EuLE. — Multiply the number of shares by the price per share ; 
or, 

Multiply the nominal value by the price per unit. 

Examples. 

1. Bouglit 100 shares of Michigan Central E. R stock, par 
value 1100, at 8 per cent premium : what did the stock cost 
me? 

SOLUTION. 100 X 108 = 10800 

Or, $10000 X 1.08 = $10800. Ans. $10800. 

2. A broker purchased for me 50 shares of Erie E. R stock, 
par $100, at 27^ per cent., and charged me J per cent of the par 
value for brokerage : what was the cost of the stock ? 

Ans. $1387.50. 

NoTK. — As the brokerage and cost are both to be computed by percent- 
age on the par value, the rate of brokerage may be added to the price. 
Thus, 27W + W = 37}jl^ ; or, the cost per share is $27}. 

3. How much money must I place in the hands of my broker 
to purchase ten $500 U. S. 5-20 bonds, at 106, allowing hini \^ 
brokerage on the par value ? 

4. What will be the cost of 100 shares Beading E. R stock, at 
49| per share, the par being $50, and brokerage ^^ ? 
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Case IL 

473. To find -the rate per. cent, of the income on any 
investment. 

BuLE. — Annex two ciphers to tJie amount of the income, and 
divide the result by tJie ainount of the investment. 

Examples. 

1. Heceiyed a dividend of 10^ per annum upon a certain 
stock, for which I paid 1106 per share, par value $100 : what^ 
was my income per cent upon the investment ? 

SOLUTIOK. 1000 -^ 106 = 9||. Ans., 9||j^ per annum. 

2. Bought $10000 U. S. 6-20 bonds, at 107^, interest payable 
in gold, at 6ji^ per annum : what rate per cent, in currency will 
my annual income be upon this investment, if I sell the gold 
for currency, at 12^ premium ? Ans. 6^fi. 

3. If an annual dividend of $12 per share be received on 
Camden and Amboy R R stock, purchased at 115^, par $100, 
what is the rate per cent ? 

Case III. 

474. To find the price at which Stock must be pur- 
chased to yield a given rate of income on the invest- 
ment. 

Kule. — Annex two ciphers to the rate which the stock produces, 
Old divide the result by the required rate. 

Examples. 

1. The U. S. 10-40 bonds bear 6^ interest in gold : at what 
price per hundred dollars must they be purchased to yield 6fi 
on the investment in gold ? 

solution. 500 -f- 6 = 83J. Ans. 83|. 

2. If a dividend of 18^ per annum is paid upon a Certain stock, 
at how much above par may it be purchased so that the per- 
son investing may realize 6^ on his investment P 

dins. 2pOfl. 
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3. The XI. S. 5-20's bear 6^ interest, in gold: at what price 
must they be bought, to yield 7^ in currency, when gold com 
mands a premium of 12 per cent. ? 

Case IV. 

475. To find the income that any given investment 
will produce. 

Eule. — Find the amount of stock which the investment will 
purchase, and then compute the income at the gtven rate upon 
the par value. 

Examples. 

1. What income per annum, in gold, will be obtained by 
investing $11487.50 in U. S. 5-20's, at 114J ? 

SOLUTION. 11487.50 -r ll^ = 10,000, 
6^ of $10,000 — $600, Ans. 

2. Which will produce the greater income upon the same 
investment, Pennsylvania 6 per cent, bonds, interest payable in 
currency, purchased at 101^^, or U. S. 10-40's, interest at 5^ 
payable in gold, purchased at 111}, provided the gold commands 
10^ premium ? 

Case V. 

476. To find what siim must be invested to secure a 
given income. 

KuLE. — I. Divide the given income ly the rate of income pro- 
duced by the stock J the quotient will be the amount of stock 
required, at its par value. 

II. Multiply this amount by the cost of one dollar of the stock j 
the product will be the required investment. 

Examples. 

1. I wish to invest in If. Y. Central R. E. bonds, beanng 6^ 
interest, a sufficient sum of money to secure an income of $lf500. 
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If the bonds can be purchased at 95^ of their par value, hcvr 
much money must I invest ? 

SOLUTION. 1500 H- .06 = 25000. 

25000 X .95 = 23750. Ans. $23750. 

2. How much must I invest in Camden and Amboy R. B. 
bonds, bearing 6^ interest, at 93|, brokerage ^^, to secure an 
income of 12400 ? Ans. $37€0O. 



THE STOCK EXOHAJSTGE. 

477. A Stock Exchange, or a Board of Brokers^ is an 

association of brokers organized for the purpose of transacting 
the business of buying and selling stocks andl)onds. 

478. Exchanges are established m the leading cities^ and» 
through the members, acting as agents for their customers, and 
on their own account, sales and purchases of stocks are mostly 
made. 

479. Every association prescribes its own rules and regula- 
tions, which are stringent, and rigidly enforced. Members are 
elected by ballot In New York, ten black balls exclude an 
applicant; in Philadelphia, five. 

480. The qualifications for membership are, in general, good 
character and standing, and solvency. A certain term of resi- 
dence in the place, and a steady prosecution of the business of 
a stock and exchange broker, for a specified period, are also 

requisite, 

« 

481. The fee for admission in New York is $10,000; in 
Philadelphia, $5000 ; in Boston, $2000. A membership is trans- 
ferable, and passes by descent, in case of the death of the holder. 

482. The word of a member with regard to any contract, 
made during the sessions, must be as good as his bo^d. 
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483. A member failing to comply with his contracts, losea 
the privileges of the Board, and, in case of insolvency, he must 
make satisfactory arrangements with his creditors, in accord- 
ance with the rules, before he can be reinstated. 

484. The Board holds daily sessions, at which the stocks in * 
the market are called by the president, or clerk. " Bids** and 
" offers" are made, and the word " sold," or " take," binds the 
bargain, which is recorded by the secretary. 

485. The rates of commission that may be charged for buying 
and selling are fixed by the Boards. J^, or 25 cents on every 
$100, is the usual charge on Stocks and Bonds, except United 
States Government Securities, which may be dealt in at ^^ on 
their par value ; and except stocks selling at $5, or under, per 
share, on which a charge of from 2^ to 6^ cei^ts per share may 
be made. 

Stock Exchange Teems and Phrases. 

486. To ** sell short," is to contract to deliver a certain amount of stock, 
at a fixed price, within a specified time, when the seller has not the stock 
on hand. The ^ Shorts " are nicknamed " Bears," from the habit of these 
animals to tear, or pull down with their claws. They sell at the ruling 
prices when they believe there will be a decline in the market, and then 
operate to depress prices as much as possible, so as to buy at a lower 
figure, deliver the stock, and pocket the " difference." 

To ** buy long," is to contract to purchase stock, deliverable within a 
stipulated time, in anticipation of a rise in the market. The " Longs " are 
nicknamed " Bulls," from the propensity of these animals to toss with 
their horns. Their interest is to raise prices as much as possible, in order 
to sell and make a profit 

A " corner" is the result of certain operations between these opposing 
parties. When it becomes known that there is a large number of ** short 
contrficts" out in a certain stock, advantage is taken of the fact by the 
buyers, who purchase all the fioating shares they can get hold of, so that 
when the time arrives for the fulfillment of their contracts, the holflers 
have the " Shorts " at their mercy. The latter are compelled to purchase 
at greatly advanced prices, and are " cornered," unless by sharp practice 
they can " break down the comer," when their opponents are beaten, and 
lose by the operation. 

A ** time sale," or " purchase," made simply with a view to speculate 
in the " margm," or rise or fall in prices, without any design^to actually 
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deliver or take the stock, requires no inyestment, except to cover the 
margin, and even this is not always demanded of known and responsible 
parties. A contract is made to buy, for instance, a certain number of 
shares of stock at a fixed price, within so many days. The broker acts 
under instructions, and if a favorable opportunity occur before the expira- 
tion of the time, he sells and settles with his customer, allowing interest 
on his deposit, if he has made any, and charging him interest on the cost 
of the stock for the time he has " carried '* it, and his brokerage. If the 
stock has advanced beyond these charges, the speculator makes the differ- 
ence. If it has declined, he loses, and the deposit is taken to make good 
the loss ; or, if no deposit has been made, the purchaser is called upon to 
pay the difference, which is transferred to the pocket of the seller. This 
is what is sometimes opprobriously termed " Stock Qambling." 

A " put," or a " call," is a contract whereby, for the payment of a small 
sum of money, one dealer may require another to take or deliver, within a 
limited time, say one day, a certain amount of stock at a stated price. 



Explanation of Quotations, 

487. Stock quotations are reports of sales at the Stock Ex- 
change. The following are selections from the New York list 
for Oct. 31st, 1870 :—. 

Sales at the New York Stock Exchange. 

Wall St., Monday, Oct. 31, 1870. 



11000 U. S. 5-20'8, c, '65 Uli 

6000 U. S. 5-20*8, r., '65 llOi 

25000 U. 8. 6*s, '81, c, 113? 

11000 Cent. Pac. R. R, g. bds. 91 
5000 do. b. c. 901 

1000 Erie 4th mtge 80} 

3000 Gr't West'n 1st m., '88. 89 

11000 U. 8. 5'9, 10-40, r., . . . .106i 
5000 U. 8. 5-20's, r., ex. coup. 1075 



700 Chicago & N. Weat pf., c. . 88| 

500 Reading R R 1001 

200 do. b.5 lOOf 

100 Chicago & R I. R R, s. 3. .lioi 
100 Milw'kee & St. P., pref., s.30. 80| 

10 Fourth Nat Bank. .... 106t 

200 N. Y. Cent. & H. R R. . . . 91} 

50 Michigan Cent 120^ 

62 Pitts. P. W. & C, gtd 931 



488. Explanations.— "1000 U. 8. 5-20's, c.,'65, lllj," means, $1000 
United States 5-20 coupon bonds, of the issue of 1865, at flUJ per $100, 
or Hi per cent premium. 

" 700 Chicago and N. West, pf., c, 88}," means, 700 shares (or $70000 
worth at par) Chicago and Northwestern RaiU-oad Preferred Stock, foi 
^ash, at 88} per share, or 88} per cent 
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" r" means nigiaBnd hond9; also regular way, in connection with stocks; 
that is, the stocks are sold for cash, deliyerable the next day. 

" c," before the prices, means cash. 

"s," aOlet^s option; thus, "s. W* signifies that the stock wa&soictwitiL 
the privilege, on the part of the seller, to deliver it at any time within 
thirty days ; but he must deliyer it on the last day. 

"b," buyer's option.; thus, "b. W means that the buyer has the privi- 
lege of callmg for the stock at any time within sixty days; but he must 
take it at the end of that time. 

**b. c," between calls, or during an intermission of the Board. 

" Ist mtge.," or " Ist m. bds.," first mortgage bonds ; " g. bds.," gold bonus , 
"gtd.," guaranteed, as, by some State, city, etc 

"ex. coup.," without coupons; that is, the coupons for the interest due 
about the time of the sale are not included. 

"pref," or "pf," preferred stock, or stock which has been issued to 
bondholders, and is entitled to dividends in preference to the common 
stock. 

" 5'8," " 6*8," and " Ts," mean bonds bearing 5, 6, and 7 per cent interest 

489. Other abbreviations are used in stock quotations, but they will be 
readily understood from the above examples and explanations. 

490. A notice of intention to take or deliver stock, on any day, under 
a time-contract, must be given previous to the meeting of the Board on 
that day, unless there is an agreement to the contrary. " b. 30 w. n." 
means buyer 30 witlumt notice, 

491. Contracts to be fulfilled within five days are considered as wUhr 
out interest, unless otherwise expressed ; but when the time is more than 
five days, witJi interest is understood. " b. 5 & int" means buyer 5 and 
interest; ** b. 10 flat," buyer 10 without interest. 

492. In New York, stocks are always quoted by percentage ; that is, 
the price per |100 is given, whatever the nominal value of the stock. In 
gome other cities, the price per share is quoted. 

493. In buying and sellmg U. S. bonds bearing mterest payable in 
coin, the accumulated interest is mcluded in the price named, except by 
special agreement 

On all " paper loans," that is, where the interest is payable in currency, 
as was the case with the Seven-Thu-ties, the interest is added to tlie price 
st4ited. 
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OPEEATIONS 

IN THB 

STOCK EXOHAlJrGE. 

494. The following examples afford practical illustrations of 
the operations of buying and selling stocks^ and other trans- 
actions at the Stock Exchange. 

Remarks. — Id all trahsactions, buyer's or seller's option, over three 
days, it is castomary with brokers to exchange contracts, in which it is 
stipulated that either party may call for deposits to the amount of 10 per 
cent, on the par value of all stocks bought or sold, to be kept good, to meet 
the fluctuations of the market. The deposits are usually made ia a Trust 
Company, and receipts are issued to both parties for the amounts of their 
respective deposits, but are made payable only on their joint order. 

Commission Stock Houses require deposits from their customers of the 
same amount, and that the same shall be kept good. If a purchase on 
time has been made, and the stock declines, or a sale, and it rises, a fur- 
ther deposit is demanded to cover the loss. Their safety depends entirely 
on a rigid enforcement of this rule. 

The seller gets interest on stock sold seller's option. 

The buyer pays interest on stock bought on time. 

No interest is allowed on " short" sales for customers, as the broker 
usually " borrows" the stock to deliver on sale, or sells on time. 

Examples. 

1. Gave my broker 100 shares Delaware and Hudson Canal 
Co.*s stock, with orders to sell the same at the market price. 
He reported sale at 120. What amount did I receive, allowing 
him a commission of \^, and Government tax of 1 cent per 
$100? 

BOLT7TTON. 100 shares, ^ $120. $12000 

Less com., i% 12.50 

Gov. tax 1.20 18.70 

Ans, $11986.80 
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2. Philadelphia, September 2d. Deposited with my broker 
$500, and instructed him to buy 200 shares Heading K. R 
stock, at 48i^, b. 30. He made the purchase the same day, and 
sold the stock March 20, for cash, at 49]^. His charges were, — 
for brokerage i^, and interest at 6ji ; and he allowed me interest 
on my deposit What was my profit ? 

SOLUTION. 200 shares, ® 48i $9700. 

Interest on same, 18 days 29.10 

Brokerage, on purchase and sale 60.00 

$9779.10 
Less interest on deposit, $500, 18 days .... 1.50 

Net cost $9777.60 

Proceeds of sale 9900.00 

Profit $132.40 

3. My broker purchased $10000 U. S. 6-20's of 1867, at 109. 
Paid him ^^ commission. What was the amount of my bill ? 

Ans. $10912.50. 

4. I had 100 shares of Erie E. E. stock in a distant city, 
which I desired to have sold at the market price, which was 72, 
fearing it would decline materially before I could receive it 
My broker sold the same, April 2d, at 72, s. 30, and delivered it 
at the end of the option. What did the stock produce me ? 

SOLUTION. March 2, 100 Erie, (a 72 $7200 

Interest on contract, 30 days, at 6^. . . 86 

$7236 
Less com., $12.50; Gov. tax, 73c 13.23 

Net $7222.77, ^w«. 

5. The account of A. Burroughs, on the books of Jones & Co., 
stands as follows : — 



Br. A. BURROUGHS. 


Cr. 


Bo't 100 N. Y. Cent., ® 115 


$11500 


ByCash, dep 


$6000. 


200 St. Paul, " 100 


20000 






800 Lake Shore, " 112 


83600 






200 Read. (par. 60) " 110 


11000 
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K Y. Central is selling at 90; Beading at 96; St. Paul at 95 ; 
and Lake Shore at 93. What must Jones & Co. caU from 
A. Burroughs to cover the loss, and make the margin good ? 

SOLUTION. ^ 

100 N.Y. Central, (a 90, wiU bring $9000 

200 8t Paul, "95, •• " 19000 

300 Lake Shore, "93, " " 27900 

200 Reading, " 96, (par. 50), ** " 9600 

$55500 
Add Cash received 6000 

171500 
Amount of the debit side of the account 76100 

Loss, or decline $4600 

lOjt on 700 full shares 7000 

Amount to be called for |11600, Am, 

6. The account of James Smith appears on the books of Jones 
& Co. as "short.'* 

Cr. 200 Erie, @ 60, $12000. 

400 Lake Shore, @ 90, 36000. 
Erie is now selling at 75, and Lake Shore at 98. What amount 
must Smith deposit to give his brokers a full 10^ margin ? 

SOLUTION. 

200 Erie, <a 75 = $15000 

400 Lake Shore, © 98 = 39200 

$54200 
Amount received on sales, 48000 

Loss, $6200 

10^ margin on 600 shares, 6000 

Amount due from Smith, $12200, Ans, 

7. My broker in New York purchased for me, March 2, 100 
shares N". Y. Central and Hudson stock, at 92. Deposited with 
him 10^ margin, $1000. He sold out March 20, at 97. Interest 
was charged al 7^, and commission -J^ : what did I make ? 
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BOLVnOV, 

Cost cf PuTchoM, 100 shares ^ 92, and com. i^, |9312.50 
Interest on same, 18 days, at 7^, 32.25 

Total $9244.76 

PBOGBasDS OF Sai^, 100 shares <d 97. . . .$9700.00 
Int on deposit, $1000, 18 days, 3.50 

$9703.50 
Less com., $12.50, and Got. tax, .97. . . 13.47 $9690.03 

Net profit $445.28, Am. 

8. ff, in the case presented by the last example, N, Y. 0. & H. 
stock had, under a panic, declined on the 10th of March to 81, 
what amount of cash would my broker require of me, to protect 
himself, and hold 10^ margin, exclusive of interest ? 

An%. $1112.60. 

9. My broker in Philadelphia bought, April 14, 100 shares 
Penn. K. R stock, at 57^, b. 30, and sold it the same day, s. 30. 
No deposits were made, and settlement was effected April 24. 
Eequired my gain or loss, interest at 6 per cent., commission -J^, 
and revenue tax. Ans. Loss, $25.58. 

10. Suppose, in the above case, the stock had risen to 70 on 
the 20th of April, what amount of deposit must my broker re- 
quire of the party of whom he purchased it, to render the trans- 
action secure ? Ans, $2250. 

11. Bought, Nov. 1, 200 shares Harlem R E. stock (par 50), 
at 134. Sold the same Nov. 10, b. 30, at 134^. Delivered the 
stock on the expiration of the contract. Keckoning interest at 
6^ on the cost of the stock and the commission, commission at 
J^ and Government tax on the sale, what was my gain or loss? 

Am. Gain, $3.63. "~ 

12. New York, Oct. 2. Sold short 200 Reading (par 50), at 
98, seller 30 days. On the Ist of Nov., was obliged to buy the 
stock at lOOf. How did I stand on settlement, paying -Jj^ com- 
mission, and interest at 6 per cent. ? Ans. 1 had lost $214.48. 

13. Bought, reg., Jan. 2, 500 Wabash, at 49. Held the same 
for ten days, on a declining market. My broker informed me 
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thafc a further decline was probable, and advised me to " sell out,** 
and "go short." I sold my 500 shares, at 39, and also 1000 ad- 
ditional shares, at 38, short. The 1000 shares I bought back in 
five days, at 32f . Without reckoning interest on my account, or 
revenue tax, paying my broker the usual commission of ^^ on 
each lot, what did I make, or lose ? Ans. No gain, or loss. 

Note.— The sale of 1000 shares, at 38, and the re-purchase of the same, 
at 82|, covered the loss on the 500 shares, and all commissions. 

14. Bought, May 2, 100 Erie, at 50. Sold, May 2, 100 N. Y. 
Cent, at 94, short. May 17, bought 100 N. Y. Cent, at 97, and 
sold 100 Erie, at 54: what was my gain, or loss, paying ^^ com- 
mission, but no interest or revenue tax ? Ans. Gain, $50. 

15. My broker bought, April 2, 100 Lake Shore, at 96. I de- 
posited with him, the same day, $1000. April 10, the company 
paid a dividend of 6 per cent. Sold my stock April 30, at par : 
what was my gain, interest at 6^, commission -J-^, and no reve- 
nue tax ? Ans. $836.48. 

16. New York, Oct. 4. A broker purchased, on his own ac- 
count, 100 Ft. Wayne, at 96, s. 30. The stock was delivered to 
him Oct. 19. Oct. 13, the company paid a dividend of 4 per 
cent. For what sum did he draw his check to pay for the 
same, Oct. 19, paying interest on the stock, and receiving inter-, 
est on the dividend, at 6j^, but having no commission to pay ? 

Ans. $9223.60. 

KoTB. — Stock purchased before the payment of a dividend, but not de- 
livQi'ed till after, carries the dividend. 

17. A broker sold, on his own account, June 1, 100 N. Y. 
Central, at 90, s. 60. The company paid a 5 per cent dividend 
June 15. He expects to deliver the stock July 1. For what 
amount shall he make a bill, interest at 6 per cent. ? 

Ans. $8543.67. 

Note.— lu this case the buyer is entitled to the dividend, it having been 
paid after the purchase, and before delivery. 

18. A broker, to raise money, loaned 200 N. Y. Central, at 96. 
The stock advanced to 110. .The borrower of the stock failed. 
How much did the broker lose ? Ans. $2800. 
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19. A broker, haying purchased for customers more stocks 
than he conld carry, was forced, in a pressure, to "turn" them 
for one day, at 1^, to raise money, and save a failure. He sold 
100 Erie, at 40, and 500 Wabash, at 50, cash. He bought them 
back, 100 Erie, at 41, and 500 Wabash, at 61, regular way: 
what did it cost him ? Ans. $600. 

495. Mode of estimating the valtie of stocks upon 
which instalments are due, when quoted at a certain 
price. 

^0. Bought 100 shares Chicago and Alton scrip stock, at 108, 
par value JlOO (175 paid in) : what did I pay? 

SOLUTION. Quoted price, |108 x 100 |10800 
Instalment due, |25 x 100 2500 

Cost, $8900, Afu. 



Or, |108 - 25 X 100= |8300. 

EuLB. — Find the difference between the value at the quoted 
pricey and the amount not paid, or instalments due. 



AMEEICAN STOCKS AND BONDS IN EUEOPK 

496. The three leading markets, in Europe, for United States 
Stocks and Bonds, are London, Paris, and Frankfort. At these 
and other places on the continent they find a ready sale, and the 
prices which they command are daily reported. It is therefore 
important to understand the quotations, and to be able to com- 
pare them with our own. 

497. The quotations are the prices of the stocks or bonds per 
$100 in gold, but are made with reference to an assumed or 
conventional par of exchange. The real prices, in our funds, 
are ascertained by comparisons and calculations. 

498. At London, United States Bonds, and the majority of 
the Eailroad Stocks and Bonds, are quoted at an exchange of 
4s. 6rf. for $1, at the nominal par of $4.44f for £1 sterling. As 
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this is below the actual par, about 9 J^ must be added to bring 
it to par, while the current rate of exchange may be more or 
less than 9^^ premium, causing a corresponding variation in the 
estimate. 

A few American Railroad stocks and bonds are quoted at 
4:8. 2d. for $1, which makes the pound $4.80, or 8^ above the 
nominal par; and some at 4^. 4d 

497. At Paris, the quotations are made at the conventional 
par of 5 francs for II, while exchange usually sella here below 
this rate, or more than 5 francs are given for II. 

498. At Frankfort, the basis is 2J florins for |1, or a little 
below the true par. The average rate of exchange on Frank- 
fort is between 40 and 41 cents per florin. 

499. Sales are made at London and Paris, ^^flat;" that is, the 
accrued interest goes with the bonds at the quoted price. At 
Frankfort, the interest is not included, and must be added. 

500. From these explanations it will be seen that, in com- 
paring any foreign quotation of stocks and bonds with our own, 
it is necessary to take into consideration the basis of the quota- 
tion, the rate of exchange, and the difference in price between 
gold and our currency. 

501. Bankers and Brokers, in order to determine the availa- 
bility of bonds for remittances, estimate the quoted price at the 
buying rate of exchange. 

502. To ascertain the proceeds of a sale, the cost of remittance, 
commission, insurance, ftc, must be deducted; and if drafts are 
sold against the proceeds, the selling rate of exchange should 
be taken in the calculation. 

Foreign Quotations, per Cable. 

London, July 17, 1871, 5 p.m. American Securities closed; — 
Five-twenty Bonds, 1862, 92^; 1865, 92^; 1867, 91^; Ten- 
forties, 91|. 

Frankfort, July 17, Evening. United States Five-twenty 
Bonds, 96^, for the issue of 1862. 
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Examples. 

1. Required the equivalent price, in our currency, of U. S. 
6-20 bonds, sold in London at 92^, reckoning gold at 110. 

SOLUTION. 

92i X 1.09i = 101.29, percentage, gold. 
101.29 X 1.10 = 111.41 -J- , percentage, currency. Ana. 

2. What rate of exchange here would correspond with the 
London quotation of 91^ for U. S. Bonds ? 

SOLUTION. 

$4.8665 X .91i X 1.09i = $4,875. Ana. 
NoTK.— In solving all similar problems, the table on the following page 
will be found very convenient. Thus, the gold equivalent of 91i is shown 
by the table to be 100.19 ; and the corresponding rate of exchange is 
$48665 X 1.0019 = $4,875+ 

3. What would be realized, in currency, per $100, by a sale 
of TT. S. bonds at Frankfort, July 17, at 96^, gold at 112^, and 
exchange 41 cents per florin ? 



96.125. 
1.26 


Int 77 days. 
Florins. 


SOLUTION. 

243.46 

41 Exchange value. 


97.385 
2i 


24346 
97384 


194770 
48692 


8)99.8186, Gold. 
12.47 12W for currency. 


243.462, 


$112.29, Ans. 



4. Suppose the Paris quotation to be 104J, what would be the 
equivalent in U. S. currency, at 5 francs for $1, exchange at 
6.12i, andgoldatll2i? 



SOLUTION. 


104i 
5 


^101.95, 

12.74, 

$11469, 






5.12)5522.5 
5125 


Gold. 

12i% for currency. 


- 


10000 
5125 

48750 
46125 


Ana. 




26250 
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PARTNERSHIP AVERAGE. 

M3. A Partnership is the union or association of two or 
more persons, formed for the purpose of carrying on any kind 
of business for their mutual benefit. 

504. The individuals forming the partnership, taken collect- 
ively, are styled the Firm ; and they usually take a firm name ; 
as, Jones & Smith ; Brown, Williams & Co. 

505. The money, merchandise, or other property, which they 
invest, is called their Capital Stock, or Stock in Trade. 

508. Property of all kinds belonging to a firm, and debts due 
them, are also called their Resources, Effects, or Assets. The 
debts they owe are termed their Liabilities. 

507. Net Capital is the excess of resources o?er liabilities ; 
Net Insolvency, the excess of liabilities over resources. 

508. Partnership Average is the process of finding the 
share of the whole gain or loss which is to be apportioned to 
each member of a firm, on a final settlement, or at the expira- 
tion of a year, or other period of time. 

509. Partnership Average is of two kinds ; namely, Simple 
and Compound, 

510. Simple Average applies when the several shares of 
capital have been invested for the same length of time, and the 
gains or losses are to be divided proportionally to the invest- 
ments. 

511. Ooxupound Average applies when the shares of cap- 
ital have been invested for different periods of time, and the 
gains and losses are to be divided according to the average in- 
vestments ; that is, in proportion to the several awoam^* and the 
iimss for which they have been employed. 
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512. Gains and losses are diyided according to agreement, upon the 
basis of the amounts of capital invested by the partners respectively, or in 
certain stipulated proportions. Frequently one partner furnishes all the 
capital, while another participates in the gains. So tlie gains and losses 
are often shared equally, though the partners may have contributed une- 
qually to the capital stock. In some cases, each partner is allowed inter- 
est on his capital, and is charged with interest on all sums withdrawn. 



SIMPLE PAETNEESHIP AVEEAGE. 

513. To divide gains and losses between copartners In 
proportion to their investments, when employed for the 
same period of time. 

Examples. 

1. H. W. Barton and William Woods engaged in business as 
partners, and agreed to share the gains and losses in proportion 
to their investments. Barton invested $9000; Woods, $7000. 
They gained $2245.62 : what was each one's share ? 

soLunoit 
$9000 
7000 



$16000 whole capital. 

ri W = "ft, B's fractional part of the capital. 

rkiU = is9 W*B fractional part of the capital, 
-ft of $2245.62 = $1263.16 +, B's share of gain. 
^ of $2245.62 = $982.46 ~, Ws share of gam. 

Or, by Proportion : 
$16000 : $9000 : : |^245.62 : $1263.16 +, B's share. 
$16000 : $7000 : : $2245.62 : $982.46 +, W's share. 

Analysis.— The whole capital being $16000, B*s share. is -flflftftr = A; 
and W's share is tTO^t = iV- And since the gain is to be divided in pro- 
portion to the investments, B is entitled to -ft and W to -ft of $2245.62, 
the whole gain. 

By proportion, $16000 : $9000 expresses the ratio of the whole capital 
to B's investment ; and $16000 : $7000 the ratio of the whole to Ws 
share ; and, making the whole gain $2245.62, the third term of a propor- 
tion in each case, and finding the fourth term, we have the same result as 
before, Henw the following 
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Rule. — Multiply the wlwU net gain or loss by each partner's 
capital, and divide the product by the joint capital. Or, by pro- 
portion, The whole capital is to each partner's share, as the whole 
gain or loss is to his share of the gain or loss. 

Notes. — 1. We may first find the per cent of gain or loss to be shared 
by all the partners, by dividing the whole gain by the whole capital. 
That per cent, of each one's capital will be his share of the gain, or loss. 
Dividends of incorporated companies are computed in this way. 

2. The difference between the net capital on commencing, and tht net 
capital on closing, is the net gain, when the capital has increcuedy and the 
net loss, when it has decreased, 

3. The net capital of any partner, at the expiration of any term, is his 
investment plus his share of gain, or minus his share of loss. 

4. If a firm, or any member, be insolvent at the commencement, a gain 
will reduce the insolvency, and must be subtracted to show the net insol- 
vency at closing. A loss will increase it, and must be added. Whenever 
the gain exceeds such net insolvency, the excess represents net capital. 

511. When each partner is to receive or sustain a specified 
fractional part of the profit or loss, the whole gain or loss mul- 
tiplied by the fraction designating such part, will give his share, 
as in the following example : — 

Example 2. At the expiration of a year from the commence- 
ment of their business, Morton, Clark & Co., present the follow- 
ing statement of their resources, liabilities, and investments : — 

RESOURCES. 

Amount of inventory of stock $8475.80 

" cash on hand 4150.00 

" debts due the firm .....•!•. 5472.50 



LIABILITIES. 

Amount of debts owed by the firm 8267.90 

INVESTMENTS. 

Samuel Morton, in vested 5000.00. 

David Clark invested 4000.00 

Charles Wadsworth mvested 2000,00 
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Moi-ton is to receive f of the gain,^ Olark, J, and Wardaworth, 
^ : what is each partner's share ? 

SOLUTION. 

Total capital at the end of the year. |18,098.80 

Total liabilities 8,267.90 

Net capital 14,830.40 

Total investment 11,000.00 

Net gam 3,830.40 

Ans. Morton's f is '^ $1532.16 
Clark's ^ is 1276.80 

Wadsworth's -^ is 1021.44 
• 
Examples fob Pbactioe. 

1. Find each partner's share of gain in the firm of Messrs. 
Jones, Johnson & Co., from the following statements: — 

RESOURCES AJn> LIABILITIES. 

Inventory of stock |6325.74 

Debts due the firm 8304.25 

Debts owed by the firm 2473.40 

nrVESTMBNTS. 

Samuel Jones invested 2500.00 

H.O.Johnson " 3000.00 

T. RBrown " 3500.00 

The gains and losses are to be divided in proportion to the 
amounts invested. 

Ans, Samuel Jones' share is $876.83 

H. C. Johnson's " - 1052.20 

- T.H. Brown's " 1227.56 

Note. — In closing a set of books, the exact total amount of gain or loss 
must be entered on the Profit and Loss account, and a fraction of a cent is 
added to, or subtracted from any partner's share, as the case may require, 
to produce this result. 

2. Eequired the gain or loss to be apportioned to each part- 
ner in the firm of Wheelock, Gould & Go., at the end of one 
year from the commencement of their business. The following 

*is a memorandum of their effects, liabilities, and investments : — 
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Amount of stock, per inventory $13,175 . 18 

Cash on hand ! 8,500.00 

Debts dae to the firm 24,262.87 

Debts due by the firm 8,275 . 45 

Charles Wheelock invested 25,000.00 

John Gould " 20,000.00 

JamesSeely ** 10,000.00 

£acli partifer is to share in proportion to his capital m« 
vested. 

3. S. P. Tctwusend, James Eoss, and Hiram Bowers^ engaged 
in trade nnder the firm name of Townsend, Soss & Go., and, at 
the expiration of their copartnership, exhibit the following state- 
ment of their affairs : — 

BBBOTJBGB& 

Merchandise on hand, as per inventory. . |7,188.50 

Cash on hand 2,567.00 

Bills receivable 4,265.00 

Book accounts due the firm 8,122.62 



LIABILITIES. 

Bills payable outstanding 2,850.00 

Book accounts against the firm 1 ,575.42 



» HrVBSTMBNTS Ain> WITHDRAWALS. 

J. P. Townsend invested |4,500 ; withdrew 1800 

James Ross invested $4,000 ; withdrew 700 

Hiram Bowers invested |2,500 ; withdrew 500 

The gains and losses are to be divided in proportion to the 
original investments : what is each partner's share of the gain 
or loss, and his net capital at closing ? 

4 Find each partner's net insolvency, in the firm of George 
Walker & Sons, from the following statement : — 
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Inventory of stoc c^ $3,456.62 

Debts due to the finn 2»331.75 

Debts due by the firm 17,83432 

George Walker invested 4,000.00 

Henry Walker " 3,000.00 

Chas. S. Walker " 2,000.00 

George Walker is to have or sustain one half of the gains oi 
losses, and Henry Walker and Chas. S. Walker are to share the 
remainder, in proportion to their investments. 

5. A partnership for conducting a general banking business is 
closed with the following effects : what is each partner's share 
of the profits ? 

Bills receivable, on hand |125,346.75 

Stocks on hand, valued at 42,875.00 

Cash 18,350.18 

Banking House, estimated at 22,500.00 

Debts due to the firm 62,450.85 

Debts owed by the firm 24,868.98 

INVESTMENTS. 

J. R. Thompson invested 50,000 

Walter Bennett ** 80,000 

Charles Hargrave " 25,000 

Charles Hargrave is to receive f of the profits of the interest 
account, as his whole share of gain. The profits of the interest 
account amount to 187,468.32. J. E. Thompsop and Walter 
Bennett are to share the balance of the profits, in proportion to 
the capital invested by each. 

6. Three mechanics, S. Mason, J. Carpenter, and S. Painter, 
perform a certain piece of work, and furnish materials, for 
$1500, in partnership, with an agreement that they shall share 
the profits equally ; but that each shall be charged 12.50 per day 
for lost time. They advanced for purchasing materials as fol- 
lows : — Mason and Carpenter each 1100, and Painter 150. On 
the completion of the work. Mason had lost four days' time; 
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Carpenter, three; and Painter, five; how much should each 
receive ? 

Ans. Mason, $516.66 
Carpenter, 519.17 
Painter, 464.17 

7. Henry, James, and William Brown, own a pasture as ten- 
ants in common, their shares being as 4, 3, and 2. The pasture 
was leased for one year, at a rent of 1100, and the taxes for that 
year were 118. 75 : what was each one's share of the profits ? 

8. Huntingdon, Parkinson & Co. close their business in in- 
solvency. The following is a statement of their affairs, and a 
list of their creditors, with the amounts due them : what is each 
partner's share of insolvency, the gains or losses being shared in 
proportion to their investments ; and what will each creditor 
receive, if the effects be distributed among them^ro rataf 

BESOUBCES. 

Bills receivable, available, on hand . . |65,431.62 

Cash 4,321.18 

Debts due on account 21,843.20 

LIABILITIES. 

Bills payable 80,000.00 

Debts due on account 95,182.30 

INVESTMENTS. 

Edward Huntingdon invested 20,000.00 

John Parkinson " 14,000.00 

Charles Walters " 12,000.00 

OBEDITOBS. 

Mulford, Reeved & Co 12,365.81 

Harrison & Jameson 18,872.28 

Harlan, Davidson & Co 31,711.29 

Samuel Wright 41,118.80 

Southworth & Co 21,114.12 

9. A is engaged in business, and is insolvent. His indebted- 
ness exceeds his resources 13500. B forms a copartnership with 
him, under an agreement that A shall share J of the gains or 
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losses, and B f , and invests $5000. At the expiration of a year^ 
the following is an exhibit of the condition of the business : — 

Total resources |15,160.16 

Total liabUities 13,275.86 

What is each partner's share of gain or loss, and his net capi- 
tal, or net insolvency? 

Ans, to last. A's net insolvency, $3403.92. 
B's net capital, 5288.22. 

10. Three partners. A, B, and 0, commenced business Jan- 
uary 1, 1869, and invested $1000 each, agreeing to share the 
gains and losses equally. On closing their books, January 1, 
1870, they found the concern insolvent, the partners' accounts 
standing as follows : — ^A's debit balance, or net insolvency, was 
$835.40; B's debit balance, $724.85; and O's debit balance, 
$945.15. They continued the business, and January 1, 1871, 
their balance-sheet showed the following result : — 

A's account Dr. $1885.40 

B's account Dr 162485 

C'sac^ountDr 1745.15 

Amount of stock, per inventory 8721.18 

Cash on hand , 2560.50 

Debts due the firm 4216.90 

Deb'ts owed by the firm. 2375.25 

What was each partner's share of gain, and his capital, Jan- 
uary 1,1871? 

Ans. A's capital, $2607.51. 
B's « 2818.06. 
C's « 2697.76. 
A's gain, 4442.91. 
B's « 4442.91. 

O's * " 4442.91. 

Note. — Persons not familiar with Book-keeping are informed that the 
increase of the debit balances of the partners* personal accounts is caused 
by the withdrawal of certain sums for private use during the year. A has 
taken $1000 ; B. $900 ; and C, $700. ^ t 
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COMPOUND PAETNEESHIP AVEEAQE. 

515. To divide gains and losses between copartners, 
in proportion to their average investments, when their 
shares of capital have been employed Ibr different x)e- 
riods of time. 

Example 1. Henry W. Parker, Samuel Warren, and Milton 
W. Davis, commenced business July 1, 1870, under an agree- 
ment to share the accruing gains and losses in proportion to 
their average investments. Parker invested, July 1, $20,000; 
July 19, $5,000; and July 25, he withdrew $230. Warren in- 
vested, July 1, $10,000. Davis invested, July 1, $10,000. Their 
net gain, August 31, is found to be $1441.94. What is each 
partner^s share, reckoning the exact time by days? 

SOLUTION. 

The time from July 1 to August 31, is 61 days. 
Parker's investment, July 1, $20,000, for 61 days = $1,220,000 for 1 day. 
" " " 20, 5,000, " 42 " = 210,000 «* 

Total 1,430,000 " 

Amount withdrawn July 25, $230, for 87 days = 8,510 " 

His average investment 1,421,490 " 

Warren's investment, July 1, $10,000, for 61 days = 610,000 *' 
Davis' " " 10,000, " '* = 610,000 * " 

Total average investment 2,641,490 " 

And, by Proportion, 

$2641490 : $1421490 : : $1441.94 : $775.96, Parker's share. 
$2641490 : $610000 : : $1441.94 : $332.99, Warren's '' 
$2641490 : $610000 : : $1441.94 : $|]32.99, Davis' '* 

516. The average investment of a partner is a sum which, if 
employed for a certain period of time, would be equivalent to 
his actual investments for the specified periods. Hence the 

EuLB. — Multiply each investment by the time it h^is been 
employed. Then, as the sum of all the products is to each prod' 
uct, so is the whole net gain, or loss, to each partner^ s share. 
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In the following example the time is reckoned by months, as 
is usual in business, and the gain is computed by percentage. 

Example 2. John Jackson, Hiram Dickerson, and William 
Wilson, entered into partnership, and invested, and drew out as 
follows : — 

John Jackson invested, July 1, 1869 |1,000 

" •• November 1, 1869 1,500 

drewout, April 1,1870 800 

Hiram Dickerson invested, July 1, 1869 2,500 

January.. 1,1870 600 

•• " " " ..1,1870 1,000 

William Wilson invested, July 1,1869 8,000 

" " drewout, November 1, 1869 2,000 

" " March ... .1, 1870 500 

Their whole gain was $15140, and each partner shares in pro- 
portion to his amount of capital invested, and for the time it 
was employed. What does each partner withdraw July 1, 1870 ? 

SOLUTION. 

Amt Time. 

John Jackson invested, July 1, 1869 $1000 x 12 = $12000 

Nov.l, '* 1500 X 8= 12000 

24000 
Drew out, April 1, 1870 800 x 8 = 900 

Capital for 1 month $28100 

Hu^m Dickerson invested, July 1, 1869 .... 2500 x 12 = 80000 

Jan. 1, 1870 .... 600 x 6 = 3600 

June 1, " .... 1000 x 1 = 1000 

Capital fori month $34600 

William Wilson invested, July 1, 1869 8000 x 12 = 36000 

Drew out, Nov. 1,1869 $2000 x 8= 16000 

Mar., 1870 600 x 4 = 2000 18000 

Capital for 1 month $18000 

Whole average capital for 1 month $76700 

$15140 + 75700 = .20 per cent of gain on tiie capital for 1 month. 
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Oain. 

Jackson's average inyefitment , 9^,100 x .20 -= (4^020 

Dickereon's " " 34,600 x .20 = 6,920 

Wilson's " " 18,000 X. 20= 3,600 

Whole gain (proof) $15,140 

Jackson's balance of capital is 2,200 

" share of profit 4,620 

" net capital 6,820 

Dickerson's balance of capital is 4,100 

" share of profit 6,920 

** net capital 11,020 

Wilson's balance of capital is 500 

" share of profit 3.600 

'* net capital $4,100 



Examples fob Peactice. 

1. Evans & Lincoln closed their partnership with the follow- 
ing effects and liabilities: — 

Inventory of stock in store $8,504.20 

" lumber and coal 9,216.80 

Individual accounts due the firm 2,83461 

" owedbythefirm 3,620.18 

^ Bills payable outstanding 675.00 

R. Evans invested, Jan. 1, 1866 3,500 

" drew put, July 15, 1868 700 

D. J. Lincoln invested, Jan. 1, 1866 3,500 

" drew out, Jan. 1, 1869 1,000 

What is each partner's net capital at the dissolution of the part- 
nership, Jan. 1, 1871, the gains and losses being divided in pro- 
portion to the average investments ? 

2. Bigelow & Smith present the following statement of their 
business, Janoary 1, 1871 :- ^^^^^ ,,Google 
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Amount of stock, per inventoiy $8,345.65 

Due to the firm on personal accounts 14,641.18 

Bills receivable on hand 12,340.20 

Farm in Qoshen, valued at 4,350.00 

Mortgage on John Holmes' farm 1,800.00 

LIABILrilBa 

Due on personal accounts 15,346.213 

Bills payable 8,264.18 



INYBSTHENTB. 

J. Bigelow invested, Jan. 1, 1868 $10,000 

" drew out, Oct. 31, 1868 2,500 



0. H. Smith invested, Jan. 1,1868 8,000 

" drew out, Jan. 1,1869 3,500 

What was each partner's share of the gain or loss^ and net capi* 
tal, Jan. 1, 1871, the gain or loss being divided in proportion to 
time and amount ? 

3. The copartnership of Field, Maxwell & Co. expired by 
limitation January 1, 1871. The following is a statement of 
their accounts, and the gains and losses were divided according 
to their average investments. What did each partner draw 
out? 

Inventory of stock $4565.25 

Debts due to the firm 1,562.40 

Debts due by the firm $675.00 

The accounts of the partners stood upon the ledger at closing 
as follows : — 
Dr. (Withdrawn.) Chbstkr W. Field. (InifestecL) Cb. 



1869, Oct 1, To cash $150 

1870, Mar. 1, " 200 



1869, Jan. 1, By cash $500 

'' Julyl, " 200 

1870, Sept 1, " 100 



Dr. Samuel W. Maxwell. Or. 

1869, Oct 1, To cash $100 I 1869, Jan. 1, By cash $600 

1870,Mayl, " 100 1870, " 1, " 400 
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Dr. John B. Losing. Ob. 



1870, May 1, To cash $100 

'• Octl, " 60 



1869, Jan. l,By cash $400 

** Oct 1, *• 200 

1870, Apr. 1, " 200 



4. On the 1st of January, the firm of Bowers & Murphy was 
insolvent ; and on closing they* books, the debit balance against 
Bowers was $1437.35, and the debit balance against Murphy, 
$927.45. They admit two partners, Thomas Wilson, who in- 
vests $4000, and Henry Brown, who invests $5000 ; and con- 
tinue the business, agreeing that the gains and losses shall be 
divided as follows: — Bowers is to receive or sustain ^; Murphy 
■J- ; and Wilson and Brown are to share the remainder in pro- 
portion to their average investments. At the end of a year 
their total resources were $22,543.75, and their total liabilities 
$7,946.45. Bowers and Murphy had each drawn out, as per 
agreement, $1200, for personal expenses. Thomas Wilson drew 
out as follows -.—April 1, $300; July 1, $500; Oct. 1, $700. 
Henry Brown drew out, April 1, $250; July 1, $430; Oct. 1. 
$600 : what was .the debit balance against, or credit balance in 
favor of, each partner at the end of the year ? 

5. A, B, and C, hire 10 acres of pasture for $140, in which A 
grazes 60 head of cattle for 20 days ; B, 20 head for 40 days ; 
and C, 30 head for 30 days. What proportion of the rent should 
each pay ? 

6. A and B enter into partnership in business, Jan. 1, 1870, 
under an agreement that the gains and losses shall be shared 
equally; but that each shall be allowed interest, at 6^, on his 
capital invested, and be charged with interest, at the same rate, 
on all sums withdrawn. A invested, January 1, $10000, and 
March 1, withdrew $3000. B invested, January 1, $5000, and 
April 1, $5000 more ; and withdrew, July 1, $4000. On taking 
an inventory of stock, and closing their books, January 1, 1871, 
their Total Kesources were found to be $29,148.75, and thei» 
Total Liabilities, $12,246.25. What did each one gain by ixx^^ 
est, and what was his whole gain and net capital at clo^^ng ^ 
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7. In the firm of Dean, Hobart & Co., Silas Dean is a special 
partner, and invested $25,000. Sichard Hobart and John Sim- 
mons are general partners. Hobart mvested, at first, 110,000, 
and four months afterward, $5000 more. Simmons invested, 
at first, 15000, and at the end of six months added 13000. Each 
partner is to be allowed interest on his capital out of the profits, 
at 7 per cent, per annum ; and Hobart, being the chief manager 
of the business, is to receive 1100 per month extra for his serv- 
ices, besides his interest and share of the profits. The balance 
of profits, or net loss, is to be divided in proportion to the 
average investments. Hobart was paid the $100 per month 
rc5gularly for twelve months, which was charged to his account ; 
and, besides, he drew out, at the end of six months, $1000. Sim- 
mons withdrew, at the end of eight months, $1500. At the end 
of twelve months, their net profits amount to $8456 : what is 
each partner's share ? 

Ans. Dean's share, $4138.40 
Hobarfs " 3324.38 
Simmons' " 993.22 



STOEAGE. 



517. When goods are taken on storage by commission and 
forwarding merchants, they are governed in their charges by 
the rates established by the Board of Trade or Chamber of Com- 
merce of the city in which the storage is made, unless a special 
agreement is made to the contrary. These rates are fixed at a 
certain price per month per barrel, box, bale, etc. 

618. In most cities, a full month's storage is chargeable for 
any part of a month that the goods remain in store ; in others, 
fifteen days or less are reckoned half a month, and any part of a 
month over fifteen days, a whole month* 

619. When the charges are made according to the actual time 
the goods are stored, the amount of storage is computed by 
average. Hence, we have the following 
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fiULES FOR COHPUTIKG SXOBAGE. 

520. When the goods have been received at different dates, 
but no part of them delivered daring the time for which storage 
is to be charged: 

Multiply the number of bushelSy barrels^ or packages received 
at each date by the number of days they have been in store, and 
divide the sum of the products by 30. The quotient will be the 
quantity for which to charge storage for one month. 

When the goods have been received at different dates, and 
a part of them delivered during the time : 

L Multiply each quantity by the number of days between the 
date of its receipt and the date of the first delivery y or of the 
second receipt. 

II. Multiply the balance, or increased quantity, by the number 
of days to the date of the next delivery, or receipt, and so on. 

III. Divide the sum of the products by 30, and the quotient 
will be the average quantity in store for on4 month. 

Examples. 
1. Eeceived the following quantities of wheat on storage, at 1 
cent a bushel per month. What is the average quantity per 
month, and what is the amount of the storage due April 30th ? 

March 6th 300 bushels. 

" 24th 200 

April 7th 200 

" 25th 150 " 

SOLUTION. 

Dates. No. bneh. Days. Prodacts. 

March 6th 300 x 55 = 16500 bushels in store for one day. 

" 24th 200 X 37 = 7400 

April 7th, 200 X 28 = 4600 " •* 

" 25th 150 X 5 = 750 " 



975, Average quantity for one month. 
.01 

$0.75, Amount of storage. 
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%. Eeceived on storage, and delivered, the following mer- 
chandise. Settlement was made May 31st: what was the amount 
of the storage at 3 cents per month per barrel or bale ? 



Beeeived. 
March 14th, 200 bbls. flour. 

" 3l8t,400 " 
April 16th, 100 " pork. 

" 25th, 200 bales hemp. 
May 20th, 300 bbls. flour. 



Ddiwred. 
April 10th, 300 bbls. flour. 
" 20th, 50 " pork. 
" 28th, 50 " 
" 28th, 300 " flour. 
May 1st, 200 bales hemp. 
" 25th, 300 bbla. flour 



SOLUTION. 
Packages. Days. 

Mar. 14th, Received. .... 200 x 

" 31st, " 400 X 



Prodacts. 
27 = 5400, in store for one day. 
10 = 4000, •* 



Amount 600 

Apr. 10th, Delivered 300 

Balance 300 

Apr. 16th, Received 100 

Amount 400 

Apr, 20th, Delivered 60 

Balance 350 

Apr. 25th, Received 200 

Amount 560 

Apr. 28th, Delivered 350 

Balance 200 

May 1st, Delivered 200 

Balance 000 

May 20th, Received 300 

" 25th, Delivered 800 

000 



X 6 = 1800, 

X 4 = 1600, 

X 6 = 1750, 

X 3 = 1660, 

X 3 = 600, 

X 5 = 1600, 
30)18300, 



610, Average quantity in 
.03 store fori month. 

$18.30, Amount of storage 
521. The following is another method of solving the same 
qnestion:— r- t 
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SECOND METHOD OP SOLUTIOEr. 





Beeeived, 






Mar. 


14th, 


200 X 


78 


= 16600 


II 


31st, 


400 X 


61 


= 24400 


April 16th, 


100 X 


45 


= 4500 


u 


25th, 


200 X 


36 


= 7200 


May 


. 20th, 300 X 


11 


= 8300 




65000 










36700 










30)18300 



DeUwred, 

April 10th, 300 X 61 = 16300 
" 20th, 60 X 41 = 2060 
'* 28th, 860 X 33 = 11660 

May 1st, 200 X 30 = 6000 
*' 26th, 800 X 6 = 1800 



86700 



610 X .03 = $18.30, as before. 

Explanation. — Here the calculation is made with reference to the 
(coods received, as if they had all remained in store up to the date of set- 
tlement Then each quantity delivered is multiplied by the number of 
days it was out of the store. The difference of the products is the average 
number of packages in store for one day ; and the quotient found by dU- 
Tiding this by 30, is the same as before. 

3. Eeceived on storage and delivered, as follows : — 



JSeceived. 
Oct 4th, 1600 bush, wheat 

" 17th, 900 " rye. 

*' 26th, 490 " com. 
Nov. Ist, 350 " oats. 



Delivered, 
Oct 8th, 750 bush, wheat 
" 16th, 350 " 
" 20th, 500 " rye. 
Nov. 4th, 200 " 
" 8th, 350 " oats. 



What is due for storage Nov. 15th, at -J cent a bushel per 
month? 

4. Eeceived on storage, and delivered, the following merchan- 
dise : — 



Beeeived. 
Jan. Ist, 100 bbls. apples. 
" 16th, 200 " 
Feb.l0th,300 ** com meal. 



DeUvered, 
Jan. 15th, 100 bbls. apples. 
" 30th, 100 " 
Feb. 20th, the balance. 



What is the amount of storage due Feb. 20th, at 2} cents a 
barrel per month ? 

Note. — When different kinds of goods are received at different rates of 
storage, a separate calculation is necessary for each kind. ^ t 
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AYERAGE OF AOOOUN-TS. 

522. Average of Accounts, or Equation of Pay- 
ments, is the process of finding the mean or average time for 
the payment, in one amount, of several debts due at different 
dates, without allowing interest to either debtor or creditor. 

523. The time when the amount falls due by average is called 
the Equated Time. 

624. The methods of averaging accounts are based upon the 
principle that the interest or use of any sum of m.on&j paid he- 
fore it is due, is equivalent to the interest or use of an equal 
sum retained for the same length of time after it hecom.es due. 
The process, therefore, consists merely in finding a point of time 
when the interest on suihs then overdue equals the discount on 
the sums not due, reckoning what is here termed discount as 
simple interest, like bank discount. 

Illustration. — Suppose A owes B $100 due in one year, and $100 due 
two yeara, without interest, the average maturity of both sums is eighteen 
months from the date of the first ; for A will then have had the use of $100 
for six months after it became due, which is equivalent to the use of $100 
paid six months before it is due. 



SIMPLE AVERAGE. 

625. Simple Average is the process of averaging an ac- 
count containing debit or credit items only. 

Examples. 

1. A owes B, Jan. 1, 1871, $1800; of which *700 is payable in 
6mouilis; $300 in 4 months, and 1800 in 18 months: when 
call the whole be paid without gain or loss of interest to either 
part} ? 

ANALY8i8.—It is evident that, if nothing should be paid till the maturity 
of the debt last due, A would owe B $1800, besides the interest of,$700 for 
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13 months^ which, at 6^, is $42, and the interest of $300 for 14 months, 
which is |31. But, the question is, when may the whole be paid without 
interest ? Clearly, it should be paid as long prior to the expiration of 18 
months as it will take |1800 to gain the interest then due, namely, 
|42 + |21 = 163. The interest of $1800 for one month, at 6%, is $9 ; 
and 63 -»- = 7. Therefore, it will take $1800 7 months to gain $63 in- 
terest, and the equated time is 7 months prior to July 1, 1872, or 11 (18 — 7) 
months from Jan. 1, 1871, which is Dec. 1, 1871. 



FBAGTIOAL SOLUTION. 



Product Method. 

$700 X 6 = $4200 

300 X 4 = 1200 

800 X 18 = 14400 



1800 )19800(11 

1800 

1800 



Interest Method. 
Int of $700 for 6 mos. =r $21.00 
" " 300 " 4 " = 6.00 
" " 800 "18 " = 72.00 



2)18.00 $09.00 

9)99(11 



EXFLANATIOH. « 

The use of $700 for 6 months = the use of $1 for 4200 months. 
" " $300 for 4 months = the use of $1 for 1200 months. 
" " $800 for 18 months = the use of $1 for 14400 months. 

" $1800 for 11 months = the use of $1 for 19800 months. 

The use of $1 for 19800 months is equal to the use of $1800 for as many 
months as 1800 is contained times in 19800 = 11. 

By the Interest Method^ the total interest of the different sums for their 
respective terms of credit is $99, and the interest of $1800 for one month 
is $9. Therefore, it will take $1800 as many months to gam $99 as 9 is 
contained times in 99 = 11. Hence, the equated time is 11 months from 
Jan. 1, 1871, or Dec. 1, 1871. 

The work may be shortened by subtracting 4 from all the 
multipliers, and also by rejecting the ciphers in the amounts. 
Thus, 

700 X 2 = 1400 Or, 7 X 2 = 14 
800 X 0= 0000 3x0= 

800 X 14 = 11200 8 X 14 = 112 

1800 )12600(7 18 )126(7 

12600 126 
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This makes the first maturity the starting point in reckoning 
the time, and gives the same result The equated time is 7 
months from April 1, or Dec 1, as before. 



PROOF. 



The interest of $700 from July 1 to Dec. 1, 6 months = $17.50 
The interest of |300 from May 1 to Dec. 1, 7 months = 10.50 



Interest against A, $28.50 

The interest of $800 from Dec. 1, 1871, to July 1, 1873, 

7 months, or, discount in favor of A, $28.50 

526. The Focal Date is any date assumed from which to 
compute the interest, or count the time. The earliest or latest 
date in an account, or the earliest or latest maturity, is usually 
selected. 

527. The last day of the month previous to that in which the 
earliest date occurs, is, as will be shown, the most convenient 
date for this purpose. 

528. In reckoning the time by days, the 1st of January (in- 
clusive), prior to the date of any entry in the account, may be 
taken as the focal date. 

The Time Table on the following page may then be used to 
great advantage. 



Directions foe using the Time Table. 

Find the number of the day of the year corresponding with the date of 
each entry, and place the same opposite the item, first adding the term 
of credit, if there be any. Then, to abridge the work of multiplying, sub- 
tract from all the multipliers so obtained the smallest one, which will be 
the number of days from the first day of January (inclusive) to the earliest 
maturity, which then becomes the focal date. Compute the average time 
as usual, and count it forward from the earliest maturity, to find the 
equated lime. 

To find the number of days from any given date to any other, find the 
difference between the numbers opposite t^iose dates. 

Example 1. Required the number of days from Marpl^ 4 to July 10 
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Opposite Jaly 10, we find 191, and opposite March 4, 68 ; and 191 — 63 = 
128, ^m: 

2. When will a note dated Ang. 5, payable 90 days after date, mature? 
Adding 8 days' grace we must count forward 98 days. Opposite Ang. 5, 
we find 217 ; and 217 + 93 = 310, which number stands opposite Nov. 
6, Ana, 

8. What date will be reached by counting forward 230 days from July 
20 of this year? July 20 is the 201st day of the year. 201 + 230 = 431. 
481 is found, in Holies, opposite March 7. Aju, March 7, next year. 

In Leap- Tears add or subtract one, as the case may require, for the 29th 
day of February. 

2. When will the following bill become due per arerage? 

New York, March 1, 1871. 



Mb. E. 0. Hbnby, 



To H. B. Claflik & Co.- 



Db. 



1871. 
Jan. 
Feb. 
Mar. 



To Mdse., (^ 8 mos. . 
" *• " 30 days. 

Ci CC (C QQ II 



(460 
300 
585 



$1345 00 

It will be observed that in the preceding case the terms of credit begin 
at the same date, while in this example they begin at different dates. The 
mode of averaging is, however, the same in principle in both cases ; for, by 
assuming a focal date, the terms of credit are always taken as beginning 
at the same time. The two rules given by most authors are, therefore, 
unnecessary. 

soLimoK. 

2d. The latest maturity assumed as 
Uie Focal Date. 

stm. mens. bats. prod. 
April 1, $460 X 29 = 18340 
March 14, 800 x 47 = 14100 
April 30, 585 x 



1st The earliest maturity assUmed 
as the Fifcal Date. 

DX7B. ITBMB. SATB. ntOD. 

April 1, $460 x 13 = 8280 

March 14, 300 x 

April 80, 585 X 47 = 27495 



$1845 )35776(27- 

Due 27 days after March 14, or 
April 10. 



$1345 )27440(20+ 

Due 20 days before April 30, or 
April 10. 



ExpLAKATioN.— We first find the time when each item becomes due, 
and then from the earliest or latest maturity, as a focal date, reckon the 
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time to the maturity of each of the other items. Thus, in the first solu- 
tion, the item of $300 is first due, March 14. This is taken as the focal 
date. From March 14 to April 1 is 18 days, and from March 14 to April 
30 is 47 days. The terms of credit so found form the multipliers, as in the 
preceding case, though in days instead of months. Performing the multi- 
plication, and dividing the sum of the products by the sum of the items, 
we find the average time to be a fraction less than 27 days ; but as it is 
nearer 27 than 26, we call it 27. Now, is this time to be counted forwa/rd 
or backward from March 14 ? Evidently forward, for only one item is due 
March 14, and the average maturity of all must be later. Counting for- 
ward 27 days, we reach April 10, the equated time. 

In the second solution, the latest maturity, April 30, is taken as the 
focal date, and the average time, or term of disc&unty is found to be 20 days. 
Now, the sum of $585 is due April 30, and all the other sums are tlien 
overdue. Consequently, interest has commenced to accumulate against the 
debtor, and the time must be counted backward. Hence, the equated time 
is 20 days prior to April 30, or April 10, as before. 

The same Example by the Interest Method. 

Due April 1, $460.— Interest, 18 days, = $1.38 

JPbcal Vote, March 14, 300.— No interest. 

Due April 30, 585.— Interest, 47 days, 4.58 

11345 $5.96 

The Interest of |1345 for 1 day, is $0,224, and 5.96 -*- .224 = 27-f 

529. The Interest and Product Methods are mathematically 
the same. Which is the shorter depends on circumstances. 
Persons not ready at computing interest, will doubtless find it 
better to use the Product Method; but, in general, especially 
when the time is in months and days, the Interest Method is to 
be preferred. 

530. The rate of interest forms no element of the calculation ; 
and, therefore, any rate may be adopted. When the time is 
expressed in months, 12^ is a convenient rate, from the fact 
that the interest at this rate may be found by multiplying the 
principal by the number of months, and pointing off two figures 
for decimals. But in the great majority of the cases which 
occur in ordinary practice, it is better to compute the interest 
at 6 per cent 
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531. By the Product Method, the months^ with the days ex- 
pressed as fractions of a month, may be taken as mnltipliers. 
The work will then amount to the same thing, substantially, as 
the operation of calculating the interest at 12 per cent 

3. Find the equated time for the settlement of the following 
account : — 

Messrs. Walkeb & Co., 

In account with H. J. Fields & Co. 



1871. 
Kay 
July 
Sept 


10 

15 

1 

5 

20 


ToMdse., ^ 60 days 


(450 
850 
500 
862 
525 


00 


II II It OA t( 


00 


It it ** 90 *' 


00 


" " «* 60 " 


00 


Oct 


It tt ft gA It 


00 










$2987 


00 



SOLUTION. 1st— BY THB INTRREST METHOD^ 

At ^y assuming April dOasthe Focal Date, 



DATE. 


AMOUNTS. 


CBEDIT. 


TIME. 


INTEREST. 


May 10, 


1450 


60 


2 mo8. 10 ds. 


. $5.25 


2 July 15, 


850 


30 


3 mos. 15 ds. 


1487 


4 Sept 1, 


500 


90 


7mos. Id. 


17.58 


4 " 6, 


862 


60 


6 mos. 5 ds. 


26.58 


ti Oct 20, 


325 
$2987 


60 


7 mos. 20 ds. 


12.46 




$76.74 




2)29.87 










14.935)76.740(5 


mos. 4 days 4-, 


average 






74675 


term of credit 






"B 


Squated time, Se 


nf A. 






JU 4. 






2065 










30 










61950 










59740 







2210 

Explanation.— We here compute the interest at 6^1^, reckoning the time 
in months and days, and then divide the total amount of interest by the 
interest on the sum of the debts for one month. The quotient is the num- 
ber of months and fraction of a month in the average term of credit or 5 
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months and 4 days, to be counted forward from AprU 30. The equated 
time is, therefore, Sept 4. 

The figures 2, 4, 4, 5, at the left, are written in pencil, to show the num- 
ber of months from the focal date to the month opposite. Then, reckon- 
ing 80 days to the month in the terms of credit, the time is found with 
rapidity and ease. Thus, in the first line, we read directly, 2 months, 10 
days ; in the second, 3 months, 15 days, and so on. 

2d. — ^BT THB PRODUCT METHOD, 

Beckoning tlie time in months and fractumB of months. 



DATE. 


AMOUNTS. 


CREDIT. 


TIME. 


PRODUCTS. 


May 10, 


$450 


60 


2i mos. 


1060 


2 July 16, 


850 


30 


8i " 


2975 


4 Sept. 1, 


600 


90 


7A" 


3516 


4 " 6, 


862 


60 


6i " 


6316 


5 Oct 20, 


826 


60 


71 « 


2492 



I29B7 16849 

2987)15849(5 mos. 4 days +, the same as before. 
14986 



414 
30 

12420 
11948 



472 
If two figures be pointed off in each of these products as decimals, the 
results will represent the interest at 12 per cent ; and one half of the same, 
the interest at 6 percent, as found in the preceding solution. So, in all 
I the products really represent interest. 

8d. The swme with the use of the Time Table. 

DATE. AMOUNTS. TIME IN DAYS. PRODUCTS. 

May 10, $460 x 190 - 190 = 

July 15, 850 X 226 - 190 = 36 = 80600 

Sept 1, 500 X 384 - 190 = 144 = 72000 

" 5, 862 X 308 - 190 = 118 = 101716 

Oct 20, 825 X 853 - 190 = 163 = 52975 

257291 

+ days. 



18881 
17922 

409 
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JSxFLAHATiOK.— By the Time Table we find May 10, the first date, to be 
the 130th day of the year, and 130 + 60, the term of credit = 190, which 
we write opposite $450 as a multiplier. July 15 is the 196th day, and 
196 + 30 =s 226 ; and in like manner the time is found for each of ^e 
other items. Next, we subtract 190 from all the multipliers (which does 
not affect the result, while it lessens the labor of multiplying), and multi> 
ply 'by the remainders. The sum of the products divided by the amount 
of the debts, is the average time, in days, to be counted forward from the 
maturity of the item first due, or from the 190th day of the year ; 190 + 86 
= 276, opposite which, in the Table, stands Sept 3, the equated time. 

The variation of one day from the result obtained by the preceding 
methods of solution, is accounted for by the fact that there are intervening 
months which contain more than thirty days each. 

From the foregoing examples and elucidations, we derive the 
following rules for Simple Average : — 

1st Product Method. 

I. Assume as a Focal Date the last day of the month previous 
to that in which the earliest date in the account appears^ or the 
first date, or the earliest date upon which any item falls due. 

II. Multiply each sum by the time between this assumed date 
and the day of its maturity, and divide the sum of the products 
by the ammint of the debts. The quotient will be the time, in the 
same denomination as the multipliers, to be reckoned forward 
from the focal date to find the equated time, 

2d. IiTTEREST Method. 

I. Assume a Focal Date as directed above. 

II. Find the interest on each sum for the time intervening 
between the focal date and the day of its maturity, and divide 
total amount of interest by the interest of the amount of the 
debts for any unit of time, as one day, month, or year. The 
quotient will be the tims, in the same denomination as this unit, 
to be reckoned forward from the focal date to find the equated 
time. 

Notes.— 1. The latest date upon which any item falls due may be taken 
as the focal date. In that case the time must be counted hackwarcL^ 
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2. The cents are usually rejected in the calculation, if less than fifty, 
and counted one dollar, if fifty or more than fifty. The work is also some- 
times abbreviated by rejecting the units of dollars. 



Examples for Practice. 

1. Sold goods to A, as follows : — 

1871, June 10, a bill @ 60 days 1^2,500.00 

Aug. 18, « "30 " 475.32 

Sept. 20, " "90 " 500.00 

Oct. 1, " "60 « 219.75 

Nov. 1, " " 30 " 150.25 

13,845.32 

When will the above bill become due by average ?, 

Ans. Sept. 12. 

2. Bought of Hendricks & Co., mdse., as follows : — 

1871, Jan. 1, mdse., @ 30 days 1192.30 

Feb. 13, " "60 " 137.50 

Mar. 15, " "90 " 742.25 

Apr. 11, " "30 " 350.00 

11,422.05 
When will this account average due ? 

3. Sold Smith & Co., 

1871, July 25, mdse., @ 3 mos 11,350.00 

Aug. 20, " "2 " 463.75 

Sept. 30, " "3 " 189.25 

Oct. 26, " "2 " 300.00 

12,303.00 

The purchasers propose to settle the account October 30, 
1871, by giving a promissory note for the entire amount : what 
time should be expressed in the note, to make it fall due at the 
average maturity of the account ? 

4. A holds three notes against B ; one dated January 1, 1871, 



soo 
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at 30 days, for 1250 ; one dated January 13, at 60 days, for 1300 ; 
and the other dated January 25, at 90 days, for $463. B asks 
for an extension of 30 days, and proposes to give a new note for 
the whole amount with interest added, payable 30 days after the 
average maturity of the three notes. For what amount should 
the note be drawn, and for what time, if dated January 28 ? 

5. Average the following account : — 



Messrs. Haerisok & Co., 



Bought of Philip BROvra- & Co. 



1870. 




Dec. 


1 


1871. 




Jan. 


20 


Feb. 


26 


Mar. 


21 


April' 


2 




13,756 



1,892 
122 



$6,393 



37 



87 
25 
67 
50 



66 



6. S. Jones bought of Stewart & Co. several bills of goods, as 
follows : — 

1871, May 15, a bill of 1375.50 on 3 months' credit 
June 5, « 632.40 " « « 

July 18, « 725.00 « " * « 

Aug. 10, « 137.80 " " « 

When must a note, dated August 10, for the whole amount, be 
made payable ? 

Note. — ^As the sales have a common term of credit, we may first find 
the average date of purchase^ and to this add 3 months. 

7. Sold Marvin & Co. goods, as follows : — 

1871, April 3, a bill of $356.25, on 3 months' credit 

May 15, " 1,250.60, on 4 
June 11, " . 186.00, on 2 
July 1, " 275.00, on 5 

Eequired the average maturity of these bills. ^ t 
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8. Average the following account : — 

Messbs. Ohambebs & Oo.^ 

To A. B. HoBNEB 8u Oo^. 



Db. 



1871. 
Jan. 


15 
30 

1 

16 

8 


To Mdse., & 60 days 


$375 
150 
187 
300 
210 


00 


t( 


'* " (cash) 


00 


Feb. 


" " <a 10 days 


00 


u 


" " " 80 " 


00 


Mar. 


" " (cash) 


00 










11,222 


00 



Note. — The items marked " Cash " are sales on which no time was 
allowed, but as payment was neglected, they are treated as due at their 
respective dates. 

532. When partial payments have been made on a debt before 
it is due, the debtor is entitled to interest on the payments, or, 
in equity, to an extension of time on the balance. 

Example 1. Suppose a person owes 11800, payable without 
interest in 8 months. If, at the end of 4 months, he should pay 
$1000, what extension should be granted for the payment of 
the balance ? 



Analysis. — According to the principles 
of average, the debtor will be entitled to 
retain the balance, |800, as long after the 
maturity of the debt as it will take |800 to 
gain the interest of |1000 for 4 months. 
The use of $1000 for 4 months is equal to the use of $1 for 4000 months, 
or of $800 for ^ of 4000 months = 6 months. Hence the 



SOLUTION. 
1000 X 4 = 4000. 
4000 ^ 800 = 6. 

Ans. 5 months. 



EuLE. — Multiply each payment by the time it was made before 
maturity^ and divide the sum of the products hy the balance of 
the debt. 

2. A owes B $1600, due in 90 days. At the end of 30 days he 
pays $400, and at the end of 60 days $500 : required the equi- 
table time for the payment of the balance. 

3. Jones & Co. sold goods to Henry Brown, as follows :— 

Sept. 4, a bill of $1340 on 3 months' credit 

Oct 15, " " 922 « 4 " « 

Nov. 10, " « 462 « 2 " % T 
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On the 4:th of Oct. Brown paid on account 1340, and on the 
15th of Oct., 8500 : when should the balance of the account be 
paid ? 

Note. — First find the average maturity of the sales, and then, by the 
last rule, what extension of time should be granted on account of the 
partial payments. 



COMPOUND AVEEAGE. 

533. Compoimd Average is the process of finding the 
mean or equitable time for the payment of the balance of an 
account containing both debits and credits. 

534. The Equated Time is the date when there is an equi- 
librium of interest between the two sides, so that the balance 
of the account is then due without interest. 

535. The object of averaging an. account current , may be either 
to fix a date for settlement in the future, or to determine the 
time from which to compute interest' on the balance, wh^n the 
equated time ispast. 

Example 1. Find the equated time for the payment of the 
balance of the following account : — 

New York, Nov. 5, 1871. 
Me. Johk W. Davis, 

In account with S. H. Thomas. 



1871. 




Aug. 


18 


Sept. 


20 


Oct. 


1 


Nov. 


5 



ToMdse., OOdays, 
« 60 " 
" 80 " 
" 30 " 



12500 
500 
475 
335 



$3810 



00 



1871. 

Sopt. 

Oct. 

Nov. 



By Cash, 



Balance, 



11000 

500 

275 

2035 



13810 



00 
00 
00 
00 



00 



536. To explain the principles involved, we will first equate 
the debit and credit sides of the account separately, by simple 
average. The result of the work is as follows : — 

Dr. Cr. 

Due jSTov. 16, »3810 1| Due Oct 3, 11776. /-^^^t^ 
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The question now is, How shall we determine, |]*om this statement, wh«n 
the balance of the account becomes due ? 

If a settlement should be made Nov. 16, Davis would then owe Thomas 
$2035, but Thomas would owe him the interest of |1775, the amount of his 
payments, from Oct 3. In other words, the balance of the account would 
be against Davis, but the balance of interest in his favor. Therefore, 
Davis is entitled to retain the $2035 long enough after Kov. 16 for it to 
gain the interest of $1776 from Oct. 3 to Nov. 16, which, at 6^, is $13.02. 
The mterest of $2035 for one day is $0.34, and 13.02 -^ .34 = 38 +. Hence, 
the equated time for the payment of the balance, is 38 days from Nov. 16, 
or Dec 24. 

537. But the better method is to take the same Focal Date 
for both sides, as shown in the following 

SOLUTION. 

The latest maturity, Dee, 5, assumed as the Focal Date for both sides of the 
account 

DBBIT BIDE. CBBDIT SIDE. 

Amounts, Time. Int 0%. Amounts, Time, Int. 6%. 

$2500 19 days, $7.92 $1000 76 days, $12.67 

500 16 " 1.33 • 500 56 " 4.67 

475 35 '* 2.77 275 30 " 1.38 

335 " Bal.ac. 2035 



19 days. 


$7.92 


16 " 


1.33 • 


35 '* 


2.77 


" 





Bal, Int. 


6.70 




$18.72 



$3810 $18.72 $3810 $18.72 



6)2.035, Bal. Int. 

Int. of $2035 for 1 day, .339)6.700(19 + days, to be reckoned forward 

339 from Dec. 5, making the average 

date Dec. 24, as before 

8310 
8051 

Explanation. — At the assumed date in this solution, all the items of 
the account are overdue, and are supposed to draw interest from their 
maturity. The interest is, therefore, reckoned on each item from the time 
it falls due to the focal date. The amount of interest on the debit side is 
$12.02, and the amount on the credit side, $18.72. This shows an excess 
of interest, mfavirr of Davis, of $6.70, while the balance of the account is 
against him. Hence, according to principles already explained, he may 
retain the balance of the account till it shall earn the $6.70 mterest due 
him, or 19 days, whieh must consequeiUly be counted /(Wwwr^T 
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SECOND eohxmos. 
July 81, awumed oi the FoeaL Date, 





DKBCT ij^TPB, 




CBEDIT SIDE 


AnumnU, 


Time. 


DieoounL 


* Amounte, Time, Discoura 


12500 


108 days. 


145.00 


$1000 51 days, $8.50 


600 


111 " 


9.26 


500 71 " 5.92. 


475 


92 " 


7.28 


275 97 " 4.45 


886 


127 " 


7.09 


B<d, ae, 2085 Bal. dkct, 49.76 


tUS810 




$68.63 


$8810 $68.63 



6)2.036, Bal. Disct 
Int. on $2085 for 1 day, .889)49.760(146 + days, to be counted forward 

839 from July 81, which gives Dec. 24^ 

as before. 

1586 
1856 

2800 
2034 

Explanation. — At the focal date adopted in this solution, nothing is 
due on either side of the account. Therefore, all the items are supposed 
to be subject to discount for the time intervening between this date and 
their respective dates of maturity. Computing the discount as simple in- 
terest, we find that the debit amount is $68.68, and the credit amount 
$18.87, showing a balance, in favor o/Dams^ of $49.76. 

Now, if a settlement could be made July 31, Davis would be entitled to 
a deduction of $49.76 from the balance which he owes. Hence, upon the 
principles of average, he may retain the balance long enough after this 
date for it to earn the excess of discount in his favor, or 146 days. 

2. Required the average date of the following account : — 

Philadelphia, Oct. 15, 1871. 
Messes. Hall & Kennedy, In account with Stewart & Co. 



1871. 












1871. 










March 


18 


ToMdse., 


$314 


68 


May 


28 


By Cash, 


$600 


00 


April 


24 


t( 


it 


834 


20 


June 


30 




400 


00 


ii 


26 


(t 


cc 


237 


67 


July 


21 


u u 


300 


00 


May 


14 


(( 


« 


516 


31 


Aug. 


16 


ii t( 


450 


00 


June 


20 


(( 


tc 


614 


38 


Sept. 

Oct. 

Oct. 


24 
12 
15 


tc u 

" Balance 


100 
250 

417 


00 
00 
24 




$2517 


24 


$2517 


24 
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DEBITS. 



SOLUTION, PBODUCT METHOD. 

Feb, 28 as9umeda» the Foetd Date. 

CBEDITS. 



$815 X 


18= 6670 


834 X 


55 = 45870 


288 X 


57 = 13566 


516 X 


75 = 88700 


614 X 


112 = 68768 


2517 


172574 


2100 





417 



$600 X 


89 = 53400 


400 X 


122 = 48800 


800 X 


148 = 42900 


450 X 


169 - 76050 


100 X 


208-20800 


250 X 


226 - 56500 


2100 


298450 




172574 




417)125876(803 




1251 



776 

The average time is found to be 802 days. The balance of the acconnt, 
and the balance of discount^ represented by the products, are both against 
Hall & Kennedy. Therefore, the balance of the account is overdue, and 
the time must be reckoned hackwan'd, 802 days, counted backward from 
Feb. 28, 1871, gives May 2, 1870, as the average date of the account. And, 
if settlement be made Oct 15, 1871, interest must be added to the balance, 
*foT 581 days. 

SBGOKD SOLUTION. 

The latest date, Oct, 12, taken as the Focal Date. 

DEBITS. 



$815 X 


208 


= 65520 


CBEDITS. 


$600 X 187 = 82200 


884 X 


171 


= 142614 




400 X 104 = 41600 


288 X 


169 


= 40222 




800 X 88 = 24900 


516 X 


151 


= 77916 




450 X 57 = 25650 


614 X 


114 


= 69996 




100 X 18 = 1800 
250 X = 


2517 


896268 








2100 




176150 


Average t 


2100 1761550 


. 417 


)220118(528 


ime 528 days, which, 






2085 


counted 


backward from Oct. 








12, 1871 


, gives May 2, 1870, as 






1161 


before. 








884 







2278 



Here the products represent accumulated interest, and since^t the focal 
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date, both the balance of interest and the balance of the account are 
against the debtors, it follows that the equated tune is in the jktst, or 5^ 
days before Oct 12. 

538. The solutions of these examples prove that — 

1st When the latest maturity (or any later date) is assumed 
as the Focal Date^ if the balance of interest and the balance of 
the account are on opposite sides, the average time must be 
reckoned /orwar^, to find the equated time ; but if they are on 
the same side, it must be reckoned backward. 

2d. When the earliest maturity (or any earlier date) is chosen 
as the Focal Date, the time must be reckoned hacJcward, if these 
balances fall on opposite sides, hut forward, if they fall on the 
same side. 

These principles may be stated in other words, thus: — 

If, at any assumed date, the balance of interest {or discount) 
is in favor of the person who owes the balance of the account, the 
tims must be reckoned forward ; if the reverse, backward. 

539. From these examples and elucidations we derive the 
following rules : — 

1st. Product Method. 

I. Assume as a Focal Date for both sides of the account the 
last day of the month previous to that in which the earliest date 
appears, or the first date, or the earliest date upon which any 
item falls due. 

II. Multiply each sum by the time between this assumed date 
and the day of its maturity, and divide the balance of the prod- 
ucts by the balance of the account. The quotient will be the 
time, in the same denomination as the multipliers, to be reckoned 
from the focal date, — forward, if the balance of the products 
and the balance of the account are on the same side, but back- 
ward, if they are on opposite sides of the account. 

2d. Interest Method. 
I. Assume a Focal Date as directed above. 
XL Compute the discount on each sum for the interval of time 
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between this focal date and its maturity , and divide the balance 
of interest by the interest of the balance of the account for any 
unit of timey as one day, month, or year. The quotient will be 
the time, in the same denomination as the unit, to be reckoned 
from the focal date, — forward, if the balance of discount is in 
favor of the person owing the balance of the account, butBACK- 
WABD, if it is against him. 

Note. — ^When the latest maturity is assumed as the focal date, for "dis- 
count" read '* interest," and reverse the rule for reckoning the time. 

Examples por Practiob, 
1. Average the following account : — 



Dr. 


A. P. Mankikq & 


Co. 


Cr, 




1871. 

June 
July 

Aug. 


15 

1 

20 

20 


To Mdse., 30 days, 
it 60 ** 

«t ** SO " 


11447 
128 
875 
264 


25 
75 
50 

37 


1871. 

June 
July 

Aug. 

ti 


1 

5 

1 

21 


By Mdse., 80 days. 

« Cash, 

U it 

it t< 

Balanee, 


$856 
400 
800 
100 

1059 


25 
00 
00 
00 
62 




12715 


87 


$2715 


87 



SOLUTION. 

Mdff 81, a»mmed as the Focal Date, 



Amonnts. 


Time. 


Prodacts. 


Amoants. 


Time. 


Prodacts. 


11447 


H 


2171 


$856 


lA 


884 


129 


8A 


891 


400 


li 


467 


876 


8J 


8212 


300 


2A 


610 


264 


8J 


968 
6742 


100 
$1656 


2A 


270 


$2716 


2281 


1656 




2281 









$1060 )4511(4 — 8 Average time, 4 months, 8 days. 

4240 Hence, the balance of the ac- 

count is due October 8. 

271 
80 

8130 

Note. — ^When this method is employed, the exact number of days may 
be obtained, if required, by adding one for eveiy month passed which con- 
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tains 31 days, and subtracting the number wanting in Febraazy. That is 
not done here, as the work is regarded as sufQciently accurate for all 
practical purposes, without this correction. 

2. When is the balance of the following account due per 
average ? 



Dr. 



A. B. Collins. 



Or. 



1871. 












1871. 












Sept 
Oct. 
Nov. 
Dec. 


12 
15 

18 
1 


To Mdse. 
it <t 

it If 

i< <f 


,® 80 days, 
**30 " 
"60 " 
" 30 " 


$927 
342 

212 
175 


80 
75 
13 
50 


Oct 

Nov. 

it 


10 
20 
30 


ii 


Cash, 


$500 
300 
250 


00 
00 
00 



Ans. Nov. 20, 1871. 
3. Average the following account : — 
Dr. Geo. Homer in account with Johnson & Coleman. Cr. 



1871. 
Jan. 
Feb. 
Mar. 


1 

15 
3 


To Mdse., 30 days, 
it tt t< ti 

it it it it 


$586 
322 
863 


40 
10 
14 


1871. 

Feb. 
Mar. 
Apr. 


1 
15 

1 


By Cash, 
" Draft at 10 days. 


$460 
280 
400 


00 
00 
00 



4. Find the equated time for the settlement* of the following 
account : — 

Dr. James Walton & Co. Cr. 



1871. 










1871. 








~~' 


March 


1 


To Balance, 


$325 


00 


March 


16 


By Cash, 


$250 


m 


April 
May 


16 


" Mdse., @ 2 mos.. 


623 


47 


May 


20 


ti (t 


300 


00 


11 


i( <t i( 2 ** 


1722 


30 


July 


30 


" Note, 30 days. 


1000 


00 


June 


16 


" " 30 days, 


975 


12 


Aug. 


81 


" Cash, 


660 


00 


July 


30 


it it it gQ it 


146 


35 












Aug. 


17 


44 it ,t gQ tt 


1650 


25 













5. When is the following account due per average? 



Dr 








H. C. 


Lyman. 




Cr. 




1870. 












1870. 










Oct 


13 


To Mdse., <a 3 mos. 


$275 


16 


Dec. 


1 


By Cash, 


$150 


00 


Nov. 


18 


it 


it tt ^ it 


186 


37 


t( 


30 


tf'' 4t 


300 


00 


Dec. 


1 


ti 


t( it 2 « 


917 


16 


1871. 










it 


5 


f( 


it it o ft 


875 


00 


Feb. 


18 


ft tt 


560 


00 


1871. 












March 


1 


tt t« 


262 


00 


Jan. 


10 


it 


i( tt Q it 


327 


16 












Feb. 


16 


it 


it if g If 


186 


70 






^ 


tI^ 




















Digitized by LjOO< 


;?[e 





CASH BALANCE. 



309 



6. Sold goods to. A as follows r—April 10, a bill of *275.60; 
May 15, a bill of 1300 ; June 16, a bill of 1862.25 ; Aug. 11, a 
bill of 1972.75. Eeeeived cash. May 1, 1150; July 15, $200; 
July 20, 1340. Wben is the balance of the account due per 
average ? 

7. Average the following account : — 

Db. David W, Mansfield. Cr. 



1871. 












1871. 










Jan. 


1 


ToMdse., Cash, 


1500 


00 


Jan. 


10 


By Cash, 


$500 


00 


Feb. 


12 


ti 


" ® 30 days, 


227 


50 


March 


12 


it it 


200 


00 


March 


25 


ii 


" " 30 ** 


275 


00 


April 


30 


it (t 


300 


00 


April 


18 


u 


" " Cash, 


1246 


00 


May 


1 


it it 


1000 


00 


June 


18 


t( 


" " 90 days, 


862 


00 


June 


1 


tt it 


200 


00 


Aug. 


5 


(i 


ii ti gQ (i 


347 


92 













Cash Balance. 

540. The Cash Balance of an account is the sum that will 
be required to settle the balance at any given date. 

541. The averaging of an a.ccount determines the date when 
the balance may be paid without interest. If it be proposed to 
settle at any other time, with an adjustment of interest between 
debtor and creditor, the account may first be averaged, and the 
interest or discount computed on the balance; or it may be 
Bickoned on each item for the interval of time between its ma- 
turity and the date of settlement. The latter method is gen- 
erally adopted. 

8. Required the average date of the following account, and 
the Cash Balance for settlement, Jan. 1, 1872 : — 



Dr. 




Walker & Jones. 


Cr. 




1871. 










1871. 










Aug. 


4 


To Mdse., 6 mos. 


$450 


00 


Sept. 


20 


By Cash, 
" Mdse.,4moa. 


$1500 


00 


Sept 


18 


" " Cash, 


1826 


37 


n 


28 


283 


62 


it 


25 


" 4 mos. 


217 


67 


Oct. 


14 


" Cash, 


812 


81 


Oct. 


15 


if ft U (t 


912 


33 


Nov. 


9 


" Mdse.,3mos. 


187 


00 


Nov. 


12 


tt t. g tt 


1200 


00 


Dec. 


31 


" Cash, 


7oo;oo 


Dec. 


17 


" Cash, 


714 


34 








1 
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9. Average the following account, aod find its. cash value, 
Jan. 1,1872 :— 

New York, Oct 11, 3870. 
Mr, E. R Jamesois-, 
Dr. (6 months). In account with E. S. Jaffray & Co. Cr. 



1870. 










1870. 










Jan. 


15 


To Mdse., 


tl450 


00 


July 


1 


By Cash, 


$1200 


00 


Feb. 


25 




197 


35 


Aug. 


1 


It it 


300 


00 


Maich 16 


it u 


2516 


38 


Sept 


16 


« (1 


2000 


00 


April 10 


I< t( 


200 


00 


Oct. 


11 


" t( 


100 


00 


Aug. 5 


U it 


816 


75 












SepL 20 


f( it 


1620 


37 













AVEEAGE OF ACCOUNTS OF SALES. 

542. An Account of Sales is an account rendered by an 
agent or consignee, of goods sold by him for his principal, or 
consignor, containing a statement of the sales, expenses, and 
charges, and showing the net proceeds due the consignor. 

543. The sales constitute the credits ; the charges, the debits, 
and the balance in the net proceeds. 

544. When sales are made on time, the consignee is entitled 
by custom to the same term of credit for the payment of the 
proceeds. 

545. Expenses incurred in receiving the goods, and all charges 
paid in cash, are considered due the consignee when paid. Com- 
missions and after-charges are, upon strict principle, due at the 
average maturity of the sales ; yet this rule is not always observed. 

546. The object of averaging an account of sales is to ascertain 
when the net proceeds become due. Except as regards the 
adjustment of the date of the commissions and charges made 
on closing a consignment, the process is precisely the same as 
that of equating an account current. 

547. In joint consignments, the consignee's share of the in- 
voice may be considered due at the date of the receipt of the 
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goods, or the date of shipment, or not until sales are effected; 
but this depends altogether upon the agreement between the 
parties. The consignee's share of the gain or loss takes date 
with the commissions and charges, being due at the average 
maturity of the sales. 

Example 1. Required the equated time for the payment of 
the net proceeds of Cooper's consignment, the account of sales 
being as follows : — 

Account-Sales of Mdse. received from J. B. Cooper, Lancaster, 
to he sold on Ms account and risk. 



1871. 
July 



July 



Sold at 10 day8, 

500 bush, corn, (a $1.10 

Sold 500 bush, corn, & fl.lO $550.00 

25 " clover seed, (a 18.50 212.50 



Received cash 

Balance on ac, 10 days .' 

Sold for cash, 

500 bush, oats, © 60 c $3,000 

25 " clover seed, ® $8 200 



Charges, \ 

Paid freight in cash $300.00 

Drayage 10 . 50 



Commission on sales, $4,512.50, & 2i% — ' 

I 

Net proceeds due per average . i 



$550 



500 



3,200 



810 
112 



00 



00 



$4,512 



423 
$4,089 



50 



31 
19 



Dr. 



STATEMENT. 
Coopeb's Consignment. 



Ok. 



Dufi July 11 $310.50 

Commission 112.81 

Balance 4,089 . 19 

$4,512.50 



Due July 24 $550 00 

" " 16 500.00 

" " 26 262.50 

«* " 16 3,200 00 

$4,512.50 
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aOLTTTIOK. 
Focal Date, Jtdy 26; Interest at Of, 



$810.60, int 15 days $0.78 

112.81, *• 8 •* 0.15 

Balance of interest 5.42 



$550.00, int. 
500.00, " 
262.50, *' 

8,200.00, " 



2 days . 
10 " . 
" , 
10 " 



.$0.18 
. 0.84 



$6.85 $6.35 

The interest of $4512.50 for one day, is $0.75, and 6.85 + .75 = 8 +. 
Therefore, the average maturity of the sales is 8 days prior to July 26, or 
July 18. Affixing this date to the commission item, we proceed with the 
calculation, and find the balance of interest, July 26, in favor of the credit 
side, $5.42. The interest of the balance of the account, $4089.81, for one 
day, is $0.68, and 5.42 -♦- .68 = 8 — . The small amount of interest upon 
the charges in this case varies the result from the average maturity of 
the sales only by the fraction of a day. Ans. July 18. 

2. Average the following account-sales : — 

Accoukt-Sales of Mdse. received from E. C. Howaed & Co., 
for sale on joint account of themselves, C. S. Walker, and 
ourselvesy each -J^. 



1871. 
July 



Sold on ac, at 8 days, 
100 bbls. petroleum, 4,000 gals., ^ 48i c. . 

Sold for cash, 
250 bbls. do., 1,000 gals., <a 48 c 

Sold on a note, at 80 days, 
50 bbls. do.,2,000 gals., (^ 49 c 



100 bbls. on storage, destroyed by fire ; no 
insurance. 

Charges. 

Paid cash for freight and drayage, $750.00 

Storage and cooperage 25 . 60 

Commission, 2i% on $7720 198 . 00 



Less our i net loss. 



Total net proceeds 

Amount of invoice $8,200.00 



E. C. H. & Co.'s, and our J 5,466.67 

Less their 4 net loss 482. "" 



Due by equation . 



$4,988.84 



$1,940 
4,800 



968 
482 



$7,72000 



485 



$7,284 



66 



84 



Philadelphia, July 17, 187L 



Pabkeb, W4BSBK & Ca 
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SOLUnOTT. 

Fbeal Date, Aug. 16, the laieti maturity. 

8ALB& Due July 14 $1940 Int, 33 dajB, $10.67 

" '* 11 4800 " 86 " 28.80 

" Ang. 16 980. " 

Zau, " July 16 1448.50 Int, 81 days, 7.48 

$9168.60 $46.95 

6)9.168 
1.53 +)46.95(81 — Average matority of sales, 81 days 



459 
105 



prior to Aug. 16, or July 16. 



Ghabges. Due July 10 $750 Int, 87 days, $468 

" " 16 218.50.... " 81 " 1.13 

Balaneeofae, 8200. 5.76 

$9168.50 Bal Int, $41.19 

6)8.200 

1.37 +)41. 19(30 + Equated time for the payment of the Net 

41.1 Proceeds, 30 days prior to Aug. 16, or 

July 17. 

9 

In the above solution, the amount of the invoice is considered the bal 
ance of the account, while the total loss appears as a credit item. By 
subtracting our partners' shares of the loss t^om the total loss and the 
iavoice, the result of the operation will be the same. The account, after 
the average date of the sales has been found, will then stand as follows : — 



Dr. 

July 10, To Charges. . 
16, •* 

J^et Proceeds., 



.$750.00 
. 218.50 
.723484 



$8202.84 



Cr. 

July 16, By Sales $7720.00 

* 16, Profit* Loss.. 482.84 



$8202.84 



Assuming the latest date as the focal date, we have only to coi^ipute 
the interest on $750 for 5 days, which is $0,625. The interest of $723434 
for one day is $1,205. The division gives a little more than half a day, 
which being reckoned a day, we have for the equated time, 

July 17, w^beforftT 
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It follows, therefore, that, haying found the average maturity of the 
sales, it is only necessary to consider the cash charges and the net pro- 
ceeds. This reduces the equation of an account-sales to a yery simple 
formula. Thus, in this case, we have — 

Db. Ce. 

July 10, To Charges $750 1| July 16, By Net Proceeds $7234.34 

This leayes but one simple question to be answered : — How long after 
July 16 may $723434 be retained for the use of $750 for 5 days? 



EXCHANGE. 

548. Exchange is the mode of remittlDg money^ or cancel- 
ing debts between distant places, by means of. Drafts, or Bills 
of Exchange. The term is also applied, by common usage, to 
the bills tbemselyes. 

549. Exchange is of two kinds ; DomestiCy or Inlandy and 

Foreign. 

'550. Domestic, or Inland Exchange, is exchange between 
different places in the same country. 

551. Foreign Exchange is exchange between different 
countries. 



DRAFTS AND BILLS OP EXCHANGE. 

552. To comprehend the subject of exchange in all its bear- 
ings, it is necessary to consider — 

First, the nature and forms of Drafts, or Bills of Exchange, 
which are the medium through which all exchanges are effected ; 
and, in brief, some of the laws and usages which govern their 
operation. 

Secondly, the methods of determining the compmitive values 
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of the moneys of different nations, or of conyerting the denomi- 
nations of any given currency into those of another. 

553. A Draft, or Bill of Ezohange, is a written order, or 
request, from one party to another, directing the latter to pay 
to some person designated a specified sum of money. 

554. Bills of Exchange are classified as Foreign and Inland. 
A Foreign Bill is a bill drawn in one country upon a person 
residing in another. An Inland Bill is one drawn and mado 
payable in the same country. 

555. A Set of Exchange is a bill drawn in duplicate, or 
triplicate, each of the copies having all the validity of the orig- 
inal bill, but so worded that when either the original or one of 
the copies is paid, the others become void. These are designed 
for transmission by different mails or conveyances, to guard 
against loss, or delay, by accident or miscarriage. 

556. There are primarily three parties to a draft; namely, the 
Drawer, Drawee, and Payee. There may also be Indorsers, and 
Indorsees. 

557. The Drawer is the party who makes or signs the 
draft, — the person who orders the money to be paid. 

558. The Drawee is the party on whom the draft is drawn, 
or who is directed to pay the money. 

559. The Payee is the party in whose favor it is drawn, or 
to whom the money is directed to be paid. 

560* After the drawee has accepted the draft, he is also called 
the acceptor; and the draft itself, an acceptance, 

561. The drawer may make himself the payee, in which case 
there are but two original parties to the draft. 

562. The payee may transfer the draft to another party, by 
writing his name upon the back. This is termed an indorse^ 
menty and he is then called the indorser. The party to whom 
the bill is transferred is the indorsee. r^r^^r^T^ 
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563. The Holder of a bill is the legal owner or possessor of 
it, and the money most be paid to him. 

5C4. Drafts are drawn payable at sights or on demand, or a 
specified time after sight or after date, or at nsance. 

FoBM OP A Sight Draft. 




585. A draft in this form is pa^ble on presentation, in most of the 
States ; but in Massachusetts, New Hampshire, Maine, New Jersey (ex- 
cept on banks), North Carolina, South Carolina, Alabama, Texas, Ken- 
tucky, Iowa, Indiana, Michigan, and Minnesota, the drawee is entitled to 
three days' grace, and the draft must first be presented for acceptance. In 
several of these States, the statutes especially provide that drafts payable 
" on demand*' shall not be entitled to grace. 

In the above draft, James Richmond is the dratoer, Charles Mason the 
payee, and H. C. Oram & Co. the dratoeet. 

The theory of the draft is, that H. C. Oram& Co. owe James Richmond 
One Thousand Dollars, and that Richmond owes Mason, or has some 
dealings with him, and wishes the money paid to him, or his order. Two 
debts are, therefore, canceled by means of the draft, without the expense 
or trouble of transmitting the money, both ways, between New York and 
Philadelphia. 

Drafts are, however, not always used for the double purpose of collect- 
ing and paying debts at the same time. They are often employed simply 
for collecting debts, and, as bought and sold extensively by bankers and 
merchants, they become a great medium of exchange between individuals 
and nations, — the legitimate money of commerce. 
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Dbaft payable aftbe Sight. 



Thirty days after sight ^ 
(pay to JOHN WILBON, or order, 

value received, and charge the same to the 



account of 



To WILLIAM PORTER, 

' Boston, Matt. 



566. This draft must first be presented to the drawee for his accept- 
ance. An acceptance is a promise to pay according to the terms of the 
draft, and is usaaily written across its face, thus : — 

''Accepted July Z,l'&71. 

William Portbb." 

The time, thirty days, with three days' grace added, commences to nm 
fh)m the date of the acceptance ; that is, if the draft is accepted July 8, it 
will be due and payable thirty-three days after that date, which is Aug. 5. 

In New Yorky no grace is allowed on checks, bills, or drafts, drawn upon 
any bank or banker, though payable after sight or after date. 

A draft may be accepted so as to make it payable at a particular place ; 

as at a bank, by adding the words " payable at Bank ;*' in which case 

it must be presented at the bank, and, according to custom, will be paid 
out of the ftmds of the acceptor, without further attention on his part 

Sight drafts are sometimes so accepted pro forma, the acceptance being 
equivalent to a check for the amount The drawee writes upon the fiioe 

of the draft, " Accepted, payable at Bank," with his signature, and 

returns it to the holder, who then presents it at the bank for payment 

A bill drawn payable after sight must be presented for acceptance within 
a reasonable time. Inexcusable delay will deprive the holder of all reme- 
dies against the drawer or indorsers. It must be presented during the 
usual hours of business, and at the drawee's place of business, or domicil. 
After acceptance, it must be again presented, for payment, on the day of 
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Deaft payable aftee Date. 



$1460, (Slittdttttatt, (d.f iipHi fo, f67f. 

Ten days after date, pay to the 
order of GEORGE HARDY, 



I 



c^oiitteeit «7vPund\>ed and' ^^tf^ ^oGEou^^ 
value received J and charge the same to the • 
account of 

To HIRAM A. CARLTON, ^ ^- ^o^Tncm ^ ^o. 



St. Louit, Mo, 



567. The holder of a draft of the above form is not bound to present it 
for acceptance. It being payable a certain time after date, it is only nec- 
essary to present it at maturity for payment. It is customary, however, 
as a matter of courtesy, to present such di'afts at the earh'est opportunity 
for acceptance. 

The acceptance, in this case, does not require a date. Thus, the follow* 
ing form is sufficient :— "uicc^pfod, Hiram A, Carlton^ The reason of tliis 
is, that the time is counted from the date of the draft, and it is immaterial 
when it is accepted. 

No particular form of words is necessary to constitute a valid accept- 
ance. Anything which amounts to promise to pay is sufficient Even a 
verbal acceptance is good ; but there must be a witness to prove it, in case 
of litigation. 

Protest and Notice. 

568. In case of the refUsal or failure of the drawee of a draft to accept 
Or pay, the holder must cause the requisite steps to be taken to fix the lia- 
bility of the drawer and indorsers, — which before this event is only con- 
tingent, — ^if he intends to hold them responsible. This must be done 
through a notary public. This officer presents the paper in his official ca- 
pacity, and demands acceptance, or payment, and, if refused, he notes ths 
faciSy and afterward draws up a formal declaration called a Protest, giving 
the particulars of the presentment and refusal, and signs and seals the 
same. This must be done on the day the paper matures. As early as the 
subsequent day, he must notify all the parties whose liability is contingent 
of the protest, . 
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iNDOESEMEJSfTS. 

£69* When a draft is deliyered to the payee, he is called the Holder. 
In his hands, it is negotiable paper, if made payable to his order, and may 
be transferred to any other party by indorsenfent and delivery. The in- 
doi-sement may be either in blank, — that is, his name only written on the 
back of the draft,— or he may restrict its payment to his indorsee, or order, 
by writing over his name the words, " Pay to the order of(indor6eey The 
indorsee must then, in turn, indoi*se in order to transfer tlie same to 
another. If the indoi'sement be not so restiicted, the instrument becomes 
virtually payable to the bearer, and may pass through any number of 
hands before payment, by simple delivery. Any holder may write over 
the indorser's name the words, " Pay to Vie order of {JUrrudf or other per- 
son)y* and thus put an end to the negotiability of the paper, without 
furtlier indorsement by the person named. He may, if he choose, entirely 
stop the currency of the bill, by giving a bare autliority to receive the 
money ; such a^, ** Pay to A for my use," or to " A, or order, for my use," 
or " to A only," or " for my account," or *• for collection." 

The payee may relieve himsejf from liability as indorser by adding to 
his signature tlie words, " without recoui-se." 

570. Foreign Drafts are often drawn in Sets, for the protec- 
tion of purchasers, as explained in the definition (Art. 555). 
The following is the form of a 

Set of Foreign Exchange. 

\ At sight of this FI(RST of Exchange, 

\ (Second and TlUrd of the samte tenor and date unpaid^ 
>^ ^ay to the order of A. B. MORTON, 



^©ne jRoa6<uvd' tPowri^ cfteifwta,. 



, vA^/c?r value received, and charge the same to the 

&^au^e, ^e4ncn€ & (^o. 
To BROWN BROTHERS & CO.. ^ ^ 

London, Eng. ? 
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KxokMic« tor C4HKM. "gm J^oxh, Mqy fo, /arf. 

At sight of this SECOJ^Q of Exchange, 

{First and Third of the wme Unor and date unpaid^ 

»^ (pay to the order of A. B. MORTON, 



jufvb J ftoa6aii9 ^owifi^ cTtetwita.,, 



for value received, and charge the same to the 



account of 



To BROWN BROTHERS & CO., 

London, Cng. 



At sight of this THI^kd) of Exchange, 

(First and Second of the same tenor and date unpaid,) 
*^ (Pay to the order of A. B, MORTON,.: — 

\Jm cT fi/OU/dcMtd ^ou*id^ ycetu#taj 



isj^for value received, and charge the same to the 
account of ^ ^^rps j, . o ^^ 

To BROWN BROTHERS & CO.. ^ ^ 

London, E»g. 

Any one of these Bills may be presented for payment, and, if paid, 
the others become useless, and void. In case of time drafts, if one has 
been accepted, and, before payment, is lost, the drawee should be notified 
of its loss, and the second presented for acceptance. 

UsAnrcB. 

571. Usance is a term which signifies the customary or usual 
time given to Bills of Exchaoge, at the place of payment, when 
drawn from given points or places. The Bills read, " At Usance, 
pay to," etc. Double usance means doable the time allowed for 
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usance. The practice of drawing Bills at usance is fast wearing 
away, the time being now most commonly specified upon their 
face. It does not prevail in the United States. 

The following is the time allowed in different countries : — 



IiiEnglakd. 



In the KBTHBBL/klTDS. 

In EUmburo 



In Frankfobt - on 
the-Main 



In AUSTBIA. 



In Tuscany. 
In Spain... 



In Geneva. 



Bills drawn from France^ EoQand^ 

and G&ifnany^ at usance 80 dajB* data 

From Spain and Portugal 60 " " 

Fromltali/ Smontbs' ** 

Bills drawn from ^n^2a7i^,at usance, i ^ <• 
Bills drawn from England, France^ 

and EoUand, at usance. 1 ** •* 

Bills drawn from any place, and not 
payable at the fairs of thU place. . 14 days' sight 

Bills drawn at usance fr'om any 
place 14 " « 

Bills drawn fit)m ISngland, at usance 3 months' date. 

Bills drawn at usance from Eng- 
land on Cadiz 2 " •• 

OnMadrid 60days' *• 

Bills drawn from J^2a7Mf,at usance, 80 days' sight. 



Dats of Geace. 

572. Days of Geace on a Bill of Exchange, are a certain 
number of days granted by custom to the acceptor for paying it, 
after the term specified on its face has expired. These days in 
different countries are as follows : — 

In the United States, Great Britain, and Austria, 8 ; in the Netherlands, 
none ; in Hamburg and Altona, 12 ; in Frankfort-on-the-Main, 4 ; in Paris, 
Bordeaux, Dantzic, and Russia, 10 ; in Geneva, 5 ; in Bremen, 8 ; in Ant- 
werp, Amsterdam, Cadiz, Lisbon, Oporto, Rio Janeiro, Rotterdam, and 
Venice, 6. In Russia, 3 days are allowed on all bills payable after sight 

When a bill is drawn " on demand," or if no time of payment be speci- 
fied upon its face, it must be paid on presentation, no grace being allowed 
If the last day of grace fall on Sunday, or a legal holiday, tlie bill is pay- 
able the day previous. 

The legal holidays in most of the States are New-year's day, the Fourth 
of July, and Thanksgiving day, appointed by the Governor, or President 
of the United States. In New York, and some other States, Washington's 
Birthday, the 22d of February, is added. In Enghind, they are Christ* 
\ and Good Friday. ^ T 
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Daicages ok Protested Bills. 

57S. In most of the United States, laws are in force wMch subject the 
drawers and indorsers of Bills of Exchange to certain rates of damages, 
for their non-acceptance or non-payment ; that is, when a bill is retomed 
protested, the holder can recover not only the amount of the bill, but a 
certain per cent of its face, as damages, besides interest, the cost of pro- 
testing, and in some cases the cost of re-exchanges. These rates yary from 
1 to 15 per cent, depending oh the place on which the bills are drawn. 

Want of space forbids a recapitulation of these laws in this connection, 
but we will give an abstract of the law of New York on this subject 

The damages on bills of exchange, negotiated in New York, and pay- 
able in other States, and returned under protest for non-acceptance, or 
non-payment, are as follows : — 

1. If payable in Maine, New Hampshire, Vermont, Massachusetts, 
Rhode Island, Connecticut, New Jersey, Pennsylvania, Delaware, Mary- 
land, Virginia, District of Columbia, and Ohio, 3 per cent 

2. If payable in North Carolina, South Carolina, Georgia, Kentncky, 
or Tennessee, 5 per cent 

8i If drawn upon parties in any other State or Territory of the Union, 
or in the West India Islands, or any place north of the Equator on this 
continent, or in Europe, 10 per cent 



Pae op Exchange. 

571. The Far of Exchange is the established value of the 
coin, or standard of value, of one country, when expressed in 
the coin or standard of another; as the value of the pound 
sterling in the currency of the United States. 

575. The Intrinsic Par of Exchange is the actual value 
of the coins of one country as compared with those of another 
by an assay of their relative weight and purity. 

57b. The Commercial Far of Exchange is the com- 
parative value of the currency or coin of different countries, 
according to commercial usage. 

577. The Rate of Exchange is the market-price of Bills 
of Exchange where they are drawn or negotiated. 
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578. The market value or cost of exchange fluctuates according to the 
conditions of trade, or the. temporary scarcity or superabundance of funds 
to cover the demand for remittances between two counti-ies, or places in 
the same country. As a general rule, it commands a premium in the 
country, or place, against which there is a balance of trade in favor of the 
place or country upon which the bills are drawn. For instance, if we im- 
port more goods from England than we export to pay for them, the balance 
of trade is against us, and specie must be exported to pay the difference. 
Tinder these circumstances, exchange on England will sell at a premium ; 
and, this state of things being reversed, it will, unless affected by other 
contingencies, fall below par. If between New York and New Orleans, 
the balance of trade is in favor of New Orleans, in New York exchange 
on New Orleans will command a premium, and in New Orleans exchange 
on New York will be at a discount. Hence, upon general principles, the 
current rate of exchange between two countries or places, depends mainly 
upon the cost of transporting specie between them to settle the balance 
of trade. 

The issue of government notes, and the establishment of our national 
banks, with a circulation cuiTent in all parts of the country, have reduced 
the premium or discount on domestic exchange, to a merely nominal rate, 
except between currency and gold. Formerly, when the notes of State 
banks were to a great extent irredeemable out of the States where they 
were issued, and were current only at home, the price of exchange cor- 
responded very nearly with the market value of the money paid for it at 
any given place. Thus, in the Western States, the notes of Eastern banks 
commanded a premium of from i to 5 per cent., for western currency, and 
in the East, western notes, or " uncuiTent funds," were at a discount. Then, 
at the West, eastern exchange was at a premium, and at the East, western 
exchange was at a discount. The principle may be still more forcibly 
illustrated, by comparing our present national paper currency with gold, 
or the gold standard of any foreign country. For example, if exchange 
on England is selling at |4.86 for gold, it will cost in currency, when gold 
commands a premium of 10%, as it is called, 10^ more than $4.86, or 
$6,346 for £1, while in England all drafts on this country payable in cur- 
rency will be sold at a discount from the current gold rates. 

It thus appears that exchange has, commercially, no fixed value. It 
varies with the circumstances of trade, with the demand and supply, with 
the value of the money paid for it, and numerous other causes. The main 
object, therefore, of all calculations respecting exchange, is the determina- 
tion of the comparative values of the moneys of different countries, accord- 
ing to some established standards. 
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DOMESTIC EXCHANGE. 

579. Domestic, or Inland Exchange, is exchange be- 
tween different places within the limits of our own country. 

Note. — ^In the laws of some of the States, for special purposes, all bills 
drawn and payable within those States, are termed Inland bills, and all 
so drawn and payable elsewhere, Foreign Bills ; but this distinction does 
not affect any calculations under this head* 



Case L 

580. To find the cost of a. draft, the amonnt, or ^^&oe 
of the draft," and the rate of exchange being given. 

Rule. — Multiply the given amount ly the cost of $1, at the 
given rate; or, compute the percentage of the premium, or dis» 
count, and add it to, or subtract it from, the amount of the 
draft. 

Example 1. Howes & Macy, of New York, sell to Thomas 
Howard their sight-draft on Drexel & Co., of Philadelphia, for 
$785.60, at J^ premium: what amount must he paid for the 
draft? 

SOLUTIOlir. 

$785.60X1.00^=1787.664. Or, $785.60, face of draft. 

1.964, ij< added. 

$787,564,-4^5. 

2. Required the cost of a sight-draft for $1500, purchased in 
<>hicago, on Denver City, at 1\^ discount. 

SOLUTION. 

1.00 - .Oli = .98|. Or, $1500.00, feceof drafl. 

$1500 X .981 = $1481.25. 11,75, less \%. . 



$1481.25, Ans. 
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Examples fob Peacticb. 



1. E. F. Davis & Co., of Cleveland, 0., sell their sight-draft 
on the First National Bank of New York, for $2450.75, to 
Wm. Winters, at i^ premium. Write the draft, and calculate its 
cost? 

2. What must be paid for a draft for $640, drawn by Jay 
Cook & Co., of New York, on the Third National Bank of 
Boston, at 1^ premium ? 

3. James Harvey & Co., of Cincinnati, purchase of Manning 
& Brothers, their draft at sight on Lee & Pickering, BuflGalo, for 
lloOO, at 1^ discount : what must be paid for the draft ? 

4. Suppose you are in Boston, and wish to remit $1000 to 
St Louis, per draft, what will the draft cost you, if exchange 
is at 1^ premium ? 

Case IL 

581. To find the fice of draft, the cost and rate of ex. 
changa being given. 

BuLE. — Divide the cost of the draft ly the cost of II, at the 
given rate. 

Example 1. What is the face of a draft which can be pur 
chased for $1600, at 1^ premium ? 

soLUTioisr. 1500 -7- 1.01 = 1485.15. Ans. il485.15. 

2. A merchant in Philadelphia purchased a draft on Chicago, 
for which he paid 14962.50, exchange being at J^ discount* 
what was the face of the draft ? 

SOLUTION. 4962.50 -f- .99J- = 5000. Ans. $5000. 

Examples fob Peactice. 

1. What must be the amount of a draft which costs $227.50, 
at li^ discount ? 

3. A gentleman in New York has $1000 in his possession, 
belonging to James Wilson, of St. Louis, which he is requested 
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to forward per draft. The current rate of exchange is at f per 
cent discount. If he invests the whole sum in exchange, at 
this rate, and remits the same, how much will Wilson receive 
at St. Louis ? 

3. Messrs. Cook & Co. purchased a drafb of Drexel, Eead & 
Co., New York, on the First National Bank of Portland, Me., 
for which they paid 11362.75, exchange being at i^ premium : 
what was the amount of the draft ? 



DiscouiirriNG Time Dbafts. 

582. Drafts payable after sight or date, upon being negotiated 
before maturity, are subject to discount the same as promissory 
notes. 

Both the exchange and discount are computed on their &uce. 
\ 

Example. 

1. Cooper & Conard, the drawees of the following draft, had 
the same discounted at the Farmers and Mechanics' National 
Bank, Philadelphia, on the day of its date, i per cent was 
allowed for exchange, and discount was charged at the rate of 
6^ per annum : what was the amount of proceeds ? 

Exchange foe $2000. Philadelphia, Dec. 1, 1870. 

Sixty days after date, pay to the order of W. RusHTOiir, Jr., 
Two Thousand Dollars, value received, and charge the same to 
our account. 



To Mebion & Canfield, 

Savannah, Oa. 



COOPEE & CONABD. 



SOLUTION. 

12000, Face of draft. 
10, Premium of ij^. 

2010, Amount 
21.88, Less discount, 64 days. 



$1988.67, Proceeds. ^ y 
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FOBEIGN EXCHANGE. 

583. Foreign Exchange is exchange between our own and 
foreign countries. 

Foreign drafts are, with occasional exceptions, made payable 
in the money of account of the country on which they are 
drawn. Sometimes drafts are drawn on this country, payable 
in foreign money. In such cases, they must be paid at the 
current rate of exchange. When necessary, the kind of funds 
to be paid is specified upon their face ; as, " Gold,*' " Currency,'* 
"Banco," etc. 

584. Nearly all our exchanges with Europe are effected 
through certain prominent financial centres; as London, Paris, 
Antwerp, Hamburg, Amsterdam, Frankfort, Bremen, Vienna, 
Berlin, Leipsic, and Cologne. 

Eemittances to and from many other parts of the world are 
frequently made indirectly through some of these places, par- 
ticularly London. Even between our own country and Central 
and South America, Sterling drafts are oftener employed than 
direct exchange. So it is with the East Indies, and to a greater 
or less extent with Asia and Africa. 

585. We will therefore take as a basis of most of the prob- 
lems to be given in this connection the following report : — 

Quotations of Exchange. 

Wall St., New York, Nov. 6, 1874. 

Sterling, 60 days, commercial 481 @ 4.83 

Goodtoprime bankers' 4.84 " 4,85 

" Short sight 4.87i ^ 4.88i 

Antwerp 5.20 " 5.16 

Switzerland 5.18} " 6.18} 

Amsterdam 40} " 4H 

Hamburg 95i " 96} 

Frankfort 05i " 96} 

Bremen 95} " 96} 

Berlin 95}* 96} 

PariB,60dayB 6.16} " 6.15 

" Short sight 6.12} "6.10 
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Explanation. — Sterling : — Commercial Bills are drafts of merchants, 
which usually sell for less than bankers' drafts, not being so reliable, nor 
in so great demand. " 4.81 @ 4.83 " means |481 to •4.83, for £1. "Short 
sight" signifies three days' sight. 

France, Belgium (Antwerp), and Switzerland : — The quotations show the 
number of francs given for $1 ; as 6.16^ ; that is, 5 francs 16^ centimes. 

Amsterdam :—** 40f @ 41i " signifies 40f to 414 cents per Florin. 

Qermany : — By reason of the new German coinage and regulations 
recently adopted in conformity therewith, exchange on Germany is now 
quoted and drawn in Belch-marks, and the quotations " 95i to 96} " mean 
BO many cents for four Beich-marks. 

The anomaly of quoting the price of four reich-marks instead of one, 
which ought to have been, and may yet be, avoided, sprang from the idea 
entertained before their exact value was known that four of them would 
be worth about $1 of our money. The par value, as estimated at our 
mint, is 23.82 cents ; 23.82 cents x 4 = 95.28 cents, which will be the quoted 
rate when exchange is at par. 



STEELING EXCHANGE, 

Or, Exchange on Great BRiTAiisr, 

586. Drafts on England, Ireland, and Scotland, are called 
Sterling Bills, or Sterling Exchange, and were formerly negoti- 
ated upon the basis of the old par value of the pound sterling, 
$4,444, which was called the nominal par. The actual par, 
since the coinage of the new English sovereign, which is a 
pound, has been $4.866J, as determined by its standard weight 
and purity in comparison with our own gold coins, coined since 
1837. Hence, the former method of reckoning sterling ex- 
change, was to compute it at a certain per cent, above the 
nominal par, according to the market rates, the real par being 
about 9^ per cent, above the assumed base. 

587. But this inconvenient mode of calculation has now been 
rendered obsolete, both in government transactions and in mer- 
cantile and banking business by an act of Congress, approved 
March 3d, 1873, entitled ^^ An Act to establish the Custom- 
house Value of the Sovereign or Found Sterling of Great 
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Britain^ and to fix the par of ExchangeP This act provides as 
follows : — 

1. " That the value of foreign coin, as expressed in the money of ac- 
count of the United States, shall be that of the pure metal of such coin 
of standard value ; and the values of the standard coins in circulation of 
the various nations of the world, shall be estimated annually by the direct- 
or of the mint, and proclaimed on the first day of January by the Secre- 
tary of the Treasury." 

2. It then fixes the value of the pound sterling, for all governmental 
purposes, at $4,866^, and declares that '* this valuation shall be the par of 
exchange between Great Britain and the United States;" and that "ail 
contracts made after the first day of January, 1874, based on an assumed 
par of exchange with Great Britain, of fifty-four pence to the dollar, or 
four dollars forty- four and four-ninths cents to the sovereign or pound 
sterling, shall be null and void." 

588. Since the passage of this act sterling exchange has been 
quoted in the money market and reckoned at so many dollars 
and cents to the pound, the rates fluctuating, according to cir- 
cumstances, above and below $4,866^, the actual intrinsic par. 

Note. — ^For a list of standard values of foreign currencies, as pro- 
claimed by the Secretary of the Treasury, in accordance with this act, 
January 1st, 1875. see page 233. 

Examples. 

1. What is the value in United States money of £145 18«, 9i., 
at the actual par ? 

SOLUTION. £145 18«. 9d = £145.9375. 

$4.866i X 145.9376 = $710,204 +, Am. 

2. What is the value in English money of $4500, exchange at 
$4.86? ' • 

BOLUTION. Divide 4500 by 4.86, reducing the remainders as in the 
division of compound numbers. Am, £925 18«. 6<?. H- 

589. The current quotations of exchange denote the gold 
rates. In the present state of our currency, the premium on 
the gold must he added to find the cost in currency. 

Example 1. The rate of exchange being 14.80, and of gold 
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for currency llOJ, what will a bill for £45 sterling cost in cur- 
rency ? 

SOLUTION. $4.80 X 1.10i X 45 + $238.68,^^. 

2. What is the face of a bill of exchange on London that can 
be purchased for $500 in currency, when exchange is quoted at 
$4.85, and gold at 109 ? 

SOLUTION. Divide 600 by 4.85 x 1.09. 

590. Examples fob Practice. 

1. Find the cost of the following Bill of Exchange^at $485. 
Exchange for £580. BosTOK, Jan. 1, 1875. 
Sixty days after sight, pay to the order of John Hikckley 

Five Hundred and Eighty Pounds Sierling, value received, and 
place the same to our account, with or without further advice. 

KiDDEB, PeABODY & Oo. 

To Babino Brothers, 
London. 

Ans, $2818. 

2. Required the cost in currency of a Bill on London for 
£300 10^., exchange at $4.82, and gold at 110. 

Ans. $1593.251. 

3. For what amount can a Bill on Liverpool be purchased 
with $1350 gold, when exchange sells at $4.86 ? 

Ans. £277 los. ed.+ 

4. A merchant in Boston owes £275 10s. Sd, in Manchester, 
England, and wishes to remit the same by draft Exchange is 
$4.82, and gold llOJ^ : what will the draft cost him in currency? 

^M5. $1467.49+. 

6. A in New York owes B in Edinburgh, Scotland, $3475 in 
gold, and desires to remit the same by a sterling Bill: i-equired 
the face of the bill, the rate of exchange being $4.84^. 

Ans. £717 ^s.Sd.+ 

6. Find the exchange value of £150, at $4.87. 

Ans. $730.50. 
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7. Find the exchange value of £148 18^., at $4.86^. 

A71S. 1724.398 +. 

8. What amount of sterling exchange can be purchased for 
$1450, in currency, the rate being $4.90 for gold, and gold at 
109]^ ? 

9. Eeduce 11375 currency to sterling money, exchange at 
par, and gold at 108. 

10. Convert $2500 gold into sterling money, at $4.88. 

Ans. £512 6s. 10d.+ 

11. What is the value in our currency of a draft for £1000 
sterling, if exchange is reckoned at $4.86, and gold at 8^ 
premium ? Ans. $5273.10. 

12. What will a Bill of Exchange for £260 10s. cost in 
gold at par ? 

591. When brokerage is to be charged for drawing or remit- 
ting a bill, add to the exchange value of £1 the brokerage on the 
same, and divide the sum to be invested by the amount. 

Examples foe Pbactice. 

1. To remit $1500 to London by a Sterling Bill, I am allowed 
for brokerage ^% on the cost of the bill : what amount sterling 
shall I remit, reckoning exchange at $4.84 ? 

Ans. £309 25. 10d.+ 

2. I employed a broker to purchase and remit to Liverpool a 
Bill of Exchange for £400. He purchased the bill at 4.85, and 
charged me \^ brokerage. What did it cost in gold ? 

Ans, $1944.85. 

3. Required the proceeds in sterling exchange of $5000 in 
currency remitted through a broker who charges \ commission, 
gold at 109^, and exchange at 4.85 J-. Ans. £938 35. 5e?.+ 

4. Received from Peru, S. A., a sterling bill for £216 10*., 
and sold the same through a broker at 4.84. He charged me 
\^ for brokerage, and paid me in currency at the rate of 110 
for gold. What were the proceeds ? A ns. $1149.76 + . 
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EXCHAKOE BETWEEN GbEAT BbITAIK AliTD OTHEB 
COUNTBIBS, 

592. The following Table shows the Par of Sxchanffehetweea 
Great Britain and the countries named : — 

Amsterdam gives 12 Florins 3 Stivers for £1 Sterling. 

Belgiam •* 26 Florins 20 Centimes for 1 •* 

Berlin* «* 6 Thalers 25 S. Groschen for. 1 " 

Bremen* " 6 Rixdalers 6 Groten for 1 " 

Bnmswick and Hanover " 6 Thalers 16 Groschen for. ... 1 ** 

Calcutta " 1 Company's Rupee for. .... . 23d. •* 

Copenhagen •* 9 Rigsdalers 16 Skillings for. .£1 •* 

Dresden and Leipsic " 6 Thalers 25 S. Groschen for . 1 *• 

Egypt •• 80 Piasters for 1 *• 

Frankfort* " 12 Florins for. . ^. 1 « 

Gibraltar " 1 Hard Dollar for 48^" 

Genoa " 25 Lire Centessimi for £1 •* 

Greece *' 28 Drachmes 15 Leptas for .... 1 *• 

Hamburg* •* 14 Marcs Banco for 1 •* 

Leghorn ** 80 Lira Toscana 5 Centessimi 

for 1 «* 

Lisbon ♦* 1 Milrea for 63id. «* 

Madrid " 1 Peso of Exchange (dollar) for 47d. *• 
Milan " 80 Lira Austriache 30 Centes- 
simi for £1 " 

Montevideo ** 1 Peso duro for 52d. ** 

Naples " 1 Ducat for 89fd. " 

Palermo " 1 Onza for 1194d. •* 

Paris " 25 Francs 20 Centimes for ... .£1 ** 

Rio Janeiro •' 1 Milrea for 35d. •* 

Smyrna and the Levant *' 105 Piastres for £1 ** 

St Petersburg " • 1 Silver Rouble for 38id. " 

Sweden " 12 Dalers banco for £1 «* 

Switzerland *' 17 Francs 5 Rappes for 1 •* 

United States " 1 Dollar for ^Jd. " 

Venice ** 6 Lira Austriache for 47d. ** 

Vienna " 10 Florins 2 Kreutzers for £1 " 

Warsaw " 82 Polish Gulden for 1 "^ 

* The rates of exchange on all places in Germany will hereafter be 
given in Reich-marks. 

The examples and solutions which follow, will sufficiently illustrate 
the method of making the calculations. 
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593. Lou-Doiq- oisr New Yoek. 

Example 1. 
Exi^fiANGB FDR |iooo. LoKDOifl-, MoTch 16, 1871. 

At sight, pay to the order of Benry Starkweather^ One Thoxt- 
8AND Dollars, in Gold, value received, and place the Bame to 
the account of Bfiowiir, Shipley & Co. 

To August Belmont & Co., 

New Torh. 

Eequired the cost of the above bill at 49]^. 

solution. 49^ Note.— The reason why England draws on the 

1000 ^^i^^ States at a par less than 54(2. for $1, is that 

the standard of fineness of British coins is higher 

1 2^49500 ^^^ ^^^^ of the United States coins, and the 

' weight of our coins has been reduced since the old 

20U125 P"" ^«s ««t*hlished. 

/ For comparing the qnotatioDS with our own, the 

•"—""^ Table on the next paire will be found very useful. 
£206 5«. 

2. What must be paid in London for a draft on New York foi 
$578.50, at 49 ? 

594. LoiiTDON ON Paeis. 

Example 1. Find the cost in London of the following bill, 
at 25.20 /r. for £1. 

Exchange for 4500 Francs. Loin)ON, May 1, 1871. 

At three days* sight, pay the order of Louis ff. Dromely FouB 
Thousand Five Hundked Francs, value received, and 
place the same to the account of 

Brown Brothers ft Go. 
To Bowles Brothers ft Co., 
Paris. 

• SOLUTION. 4500 -*- 25.20 = 178ttt. 

And reducing the fraction, we have, Ans. £178 11«. 

2. Bequired the cost in London of a Bill of Exchange on 
Paris for 1200 francs, at 25.25. 
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Exchange on France. 

595. The denominations of the money of account of France 
are Francs and Centimes, forming a decimal currency. 100 
Centimes equal 1 Franc. The intrinsic par value of the frano 
in United States money is 19.3 cents, as estimated at the mint, 
and proclaimed January 1st, 1874, by the Secretary of the 
Treasury. This gives $1 -4- .193 = 6.18^ francs as the par of 
exchange. If less than so many francs sell for $1, exchange on 
France is above par ; if more, it is below. 

596. Examples for Practice. 

1. Required the cost of a Bill of Exchange on Paris for 
5000 francs, at 5.16. 

SOLUTION. 5000 -f- 5.16 = 968.99 +. Ans. 968.99+. 

2. Required the face of a draft which can be purchased for 
$1000, exchange being quoted at $5.18. 

SOLTJTION. 1000 X 5.18 = 5180. Ans, 5180 franca, 

3. Convert 570 francs 50 centimes into United States money, 
at 5 francs 15 centimes per dollar. 

4. Find the value of the following Bill of Exchange at 5.16^. 
Exchange for 6000 Fk. New York, Nov. 5, 1874. 
At three days' sight of this First of Exchange (Second 

and Third- of same tenor and date unpaid), pay to the order of 

James Claxton, Six Thoicsand Francs^ for value received, and 

place the same to the account of 

Read, Drexel & Co. 
To Habjes, Drexel & Co., 

Paris. 

^;w. $1161.66+. 

5. What is the value of 1560 francs, exchange at 5.17? 

Ans. $301.74+. 
* 

6. What amount in exchange on Paris can be purchased for 

$1750 currency, exchange at 5.1 4^ and gold at 110? 

Ans, 8185.18+ francs. 



Digitized by VjOOQIC 



336 EXGHAKOE OH^ GEBHAinr. 

7. What is the value in currency of 10000 francs, at par, when 
gold is worth 108^ in exchange for currency ? Ans. $2094.05. 

8. Change to TJ. S. money 3000 francs, at 5.18, at 5.17, at 5.16, 
at 5.15, at par. 

Ans. $5.79.15+ ; 1580.27+ ; $581.39+ ; $582.52+; $579. 

Exchange on Germany. 

597. By the new system, adopted in 1874, to conform to the 
new German coinage, drafts are now drawn on all parts of the 
German Empire payable in Reich-marks, instead of Florins and 
Thalers. According to our mint estimate, the par value of the 
mark is 23.82 cents, but the current quotations, as before stated 
(page 328), denote the prices for four marks. The 20-mark 
piece (gold) is worth $4.76+, or very nearly the value of the 
English sovereign. 

Table. 



10 Grosclien = 1 Mark. 
8 Marks, or ) 
80 Groschen 



^l =1 Thaler. 



Note. — Reich means royal ; therefore, reich-mark means royal mark. 
The simple term mark is, however, generally used. 

598. Examples for Practice. 

1. What is th« value in United States money of 500 marks, 
at par ? 

SOLUTION. 28.82 cents x 500 = |119.10, Ans, 

2. I wish to remit $3000 to Berlin : required the face of a 
bill which can be purchased for this sum, exchange being 
quoted at 95. 

SOLUTION. ?^5!y^. or, 8000-t-'^ = 12681.57+. 

ATM. 12681 .57 + marks. 

3. Eequired the cost of a Bill of Exchange on Frankfort foi 
1500 marks, exchange at 95^. 
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4. What is the value in currency of 2000 marks, reckoning 
gold 110 and exchange at 96 ? Ans. $528. 

5. Purchased a Bill of Exchange on Hamburg for 1800 
marks, at 95^: required the cost of the bill. Ans. $428.06^-. 

6. TVhat amount of exchange on Bremen can be bought for 
$5000 currency, gold at 109J, and exchange at 95 ? 

Ans. 19226.14+ marks. 

7. If in London exchange on Germany sells at 20.5 marks 
for £1 sterling, what is the cost in English money of 1000 
marks ? 

Note.— Sterling bHls are frequently sold in this country for remittance 
to Germany, instead of direct exchange. 

8. If at Frankfort the exchange value of £1 sterling equals 
20.4 marks, how much sterling must be remitted to Frankfort 
to pay a debt of 3600 marks ? How much will it cost in our 
coin if exchange on London sells at $4.85 ? 

Ans. £176 9s. id.+ 
$855.86 + . 

9. Suppose in the above example direct exchange sells here 
at par, what would a bill for 3600 marks cost ? 

Ans. $857.52. 

10. Find the exchange value of 1200 marks, at par, at 95, at 
95^, at 95f, at 96. 

Ans. $285.84 ; $285 ; $286.50 ; $287.25 ; $288. 

11. Find the exchange value in marks of $1600, at par, at 
95, at 951-, at 95^, at 96. 

Atis. 6717.04+ marks; 6736.84+ marks; 6724.40+ marks; 
6701.57+ marks; 6666.66+ marks. 

12. Find the value in marks of $5500 in currency, exchange 
951-, and gold 110. 

13. Find the cost in currency of exchange for 4500 marks, 
exchange at 95, and gold at 109. 
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Exchange on Amstekdam. 

599. Bills of Exchange od Amsterdam are drawn payable in 
Florins (or Guilders). The money of account consists of 
Florins and Centimes. 100 centimes equal 1 florin. The par 
value of the florin is 40.5 cents. 

Examples for Pbactice. 

1. What will a draft on Amsterdam for 300 florins cost at 
40i? Ans. $120.37 -h. 

2. What is the value in exchange on Amsterdam of $800 at 
41|? An8. 1945.28+ florins. 

3. Find the cost in currency of a Bill for 1000 florins, ex- 
change at 40J, and gold at 108. Ans. $437.40. 

4. What amount of exchange on Amsterdam can be pur- 
chased for $850 in currency, exchange at 41 J,, and gold at 110? 

5. Received $1000 in gold to remit to Amsterdam. If I 
charge Ifi brokerage, and the rate of exchange is 4H, how 
TTiftnv fln rinfl flha.ll T rftmit ? 

Note. — To ascertain the fractional parts of a unit in any of the fore- 
going currencies, consult the Table on page 233. 



ARBITRATIOlSr OF EXCHANGE. 

600. Arbitration of Exchange is the process of comput- 
ing the cost of indirect exchange between two places, by means 
of remittances through one or more intermediate places. 

The object of arbitration of exchange is to ascertain, by a comparison 
of the current rates between several places, the best mode of drawing and 
remitting bills. If, for example, owing to the contingencies of trade, or 
other causes, the rate of exchange between Paris and London is such that 
a bill on Paris, purchased in the United States, will, when collected and 
the proceeds invested in exchange of Paris on London, buy a larger 
amount of sterling exchange than the original sum will purchase in the 
United States, there may be an advantage in remitting to London through 
Paris. This is the philosophy of indirect exchange. 

Arbitration is termed either Simple or Compound, 
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601. Simple Arbitration consists in finding the rate or 
price of exchange between two places, through a third. 

602. Oompound Arbitration consists in finding the rate 
or price of exchange between two places; through several othera 

Examples. 

1. A merchant in the United States, wishing to remit $4000 
to London, desires to ascertain whether it will be more to his 
advantage to purchase direct exchange on London, or make his 
remittance through Paris. He finds on inquiry that exchange 
on London is quoted at 4.85, on Paris 5.16, and that the prevail- 
ing rate between Paris and London is 24.50 francs per pound 
sterling: how much will be gained by remitting to London, 
through Paris, at these rates, allowing ^% for brokerage in Paris ? 

$4000 will purchase direct exchange on London for £824 14«. lOd. 
$4000 will purchase direct exchange on Paris for 20640 francs. 
Deducting brokerage, i% 25.80 

Net proceeds to be invested in Paris. . . . 20614.20 francs. 
2061420 francs will purchase exchange, Paris on London, for 
£841 7i. lid. 

Alls. Gain by the indirect exchange, £16 138. Id. 

2. A man in Chicago has $1500 due to him in New Orleans, 
and wishes to negotiate a draft for the same. Direct exchange 
on New Orleans is 1^ discount; exchange on New York is H^ 
premium, and at New York exchange on New Orleans is ^^ 
discount : how much will be gained by drawing on New York 
and paying ^^ brokerage for re-exchange, and for what amount 
must he draw on New York ? 

Aju, By direct exchange he would receive $1485. For his draft on 
New York he would receive $1522.50. The brokerage in New York equals 
the discount on exchange on New Orleans ; therefore the face of the draft 
will be $1600. Gain by indirect exchange, $37.60. 

603. Problems in either Simple or Compound Arbitration are 
readily solved by the application of the rule of Conjoined Pro- 
portion or Chain Rule. 
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Rule. — ^Arrange the terms in the form of equations, and distinguisli the 
members as antecedents and consequents. 

1. Write the term to which a corresponding value is sought in the solution 
of the problem^ which is called the term of demand. 

2. To the left of this, on a line Mow, enter tJie term which is of the same 
denomination as the term of demand, and on the same line, connected by the 
sign of equality, the given term of equal value. 

3. Under the first antecedent, enter the term which is of the sams denomina- 
tion as the last consequent, and on the same line, as before, its equal in value ; 
and so on. 

4. Divide the product of the consequents by the product of the antecedents, 
and the quotient will be the answer, in the sam^ denomination as the last con- 
sequent. 

Note. — ^When the final remittance mast be a given sum, and broker- 
age is deducted for re-investing and remitting at the intermediate places, 
place 1, minus the rate of brokerage, on the left for every deduction, to 
find the amount required for the original investment ; but when the pro- 
ceeds of a certain sum remitted are required, place 1, minus the rate of 
brokerage, on the right for each deduction. To find the cost of exchange, 
when brokerage is paid or chn/rged on the face of a bill, for re-exchange, 
place 1, plus the rate of brokerage, on the right for each payment, and to 
find the proceeds of a bill, place it on the left. 

Example. 

I wish to remit 5000 marks to Hamburg. I can remit to 
Paris at 5 francs 16 centimes to the dollar; from Paris to Lon- 
don at 24 francs 50 centimes per £1 ; from London to Hamburg 
at 20.4 marks per £1 ; or I can remit to London at $4.86 per 
£1, and from London to Hamburg at 20.4 marks per £1. Sup- 
pose Jthe direct exchange on Hamburg to be 23.8 cents per 
mark, which is the more profitable course of making the re- 
mittance — through Paris and London, through London only, 
or directly to Hamburg, allowing i% brokerage for each re- 
exchange ? 

The question may be stated thus : — What is the value in federal money 
of 5000 marks, if 20.4 marks = £1, and £1 = 24.50 francs, and 5. 18 francs = 
$1 ? and what is the value in federal money of 5000 marks, if 20.4 marks = 
£1, and £1 = $4.86, taking into consideration also the charges for broker- 
age ? Lastly, what is the cost of 5000 marks, at 23.8 cents per mark ? 

Applying the rule, we have the following 
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Statements and Operations. 

Exchange through Paris and London, 

5000 marks, tenu of demand. 
20.4 marks = £1. 
£1 =a4. 50 francs. 

5.16 francs = $1. 
1-}^ brokerage, .9975. 

1-i^ " .9975 . 

5000X1X24.50X1 122500 ..^^ ..o 

- = iioy.oo+- 



20.4 X 1 X 5. 16 X .9975 X .9975 ~ 104.7383879 " 

Exchange through London. 

5000 marks, term of demand. 
20.4 marks =£1. 
£1 =$486. 
1-ijg brokerage, .9975 . 

5000 X 1 X 4.86 24300 __ -.q. -« 
— J.I94.10. 



20.4+1 X. 9975 20.349" 

Direct Exchange. 
5000 X .238 = 1190. 

The cost of exchange through Paris and London will be $1169.58. 
" " " " " London " 1194.16. 

" *' " direct exchange " 1190,00. 

Ar^a. It will be more profitable to remit through Paris and London. 
Gain over exchange through London, $24.58. 
" " direct exchange, . . . 20.42. 

Proof. 

$1169.58 will purchase a bill on Paris, at 5.16, for 6035.03 francs. 
Deduct brokerage, \%y 15.08 

Amount to be invested at Paris, 6019.95 francs. 

6019.95 francs will purchase a bill on London, at 24.50, for £245.70. 

Deduct brokerage, \%, .60. 

Amount to be invested at London, £245.10. 

£245.10 will purchase a bill on Hamburg, at 20.4, for 5000 marks. 
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mYOJjUTlOlS. 

(04. Involution is the process of finding the powers oi 
numbers. 

(05. A Power of a number is the product obtained by mul- 
tiplying the number continually by itself a certain number of 
times. 



When the power is formed^ the root is said to be involved, 
or raised to the power. The number inyolyed is the Root, or 
First Power. 

(07. If the root be multiplied by itself, or employed twice as 
a factor, the product is called the Second Power, or Square of 
that number. Thus, 4 X 4 = 16, the second power, or square 
of 4. 

608. If the root be taken three times as a factor, the product 
is called the Third Power, or Cube of that number; if four 
times, the Fourth Power, and so on. 

609. A power is indicated by a superior figure written at the 
right of the root, called the Exponent or Index. Thus, 5* indi- 
cates the square of 5, or that 5 is to be raised to the second 
power, and 2 is the exponent. 

610. The exponent of the first power is 1, but is not usually 
written. Hence we may write, — 

2 = 2, the Ist power of 2. 

2' = 2 X 2 = 4, the 2d power of 2. 

2» = 2 X 2 X 2 = 8, the 8d power of 2. 

2* = 2 X 2 X 2 X 2 = 16, the 4th power of 2. 

2* = 2 X 2 X 2 X 2 X 2 = 82, the 5th power of 2. 

Powers of the same root may be multiplied together, by adding their 

exponents. Thus, 7" x T* = 7*. 

A power may be divided by another power of the same root, by sub- 
tracting the exponent of the divisor firom that of the dividend. Thus, 
18" -I- 18« = 18. 

A fraction may be raised to any power, by raising each of its terms to 
Uiat power. Thus, (})« = t%. 
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EXAHPLES. 

1. What is the second power of 8 ? 

2. What is the cube of 5 ? The fourth power P 

3. Find the value 3% 6', 4*, (i)" (})•. 

4. Multiply 24* by 24', 

5. Divide 49' by 49*. 

6. Whaf is the fourth power of 3^ ? 

7. What is the cube of 3* ? 

8 Baise 3| to the fourth power. 



EYOLUTIOK 



611. Evolution, or the extraction of roots^ is the reverse of 
Involution. It is the process of finding the root of any number 
regarded as a power of the root. 

612. A Root of any number is a factor which, multiplied by 
itself a certain number of times, will produce that number. It 
is, therefore, one of the equal factors into which a number may 
be resolved. Thus, 7 is the square root of 49, because 7 X 7 = 49 ; 
and 9 is the cube root of 729, for 9 X 9 X 9 = 729. 

613. A root is denoted by the Radical Sign, -x/ , before the 
power, with the indexof the root over it, or by a Fractional 
Exponent, Thus, v^27, or 27^, denotes the cube root of 27. 

The index of the square root 's usually omitted, the sign, -y/^, 
being used alone. Thus, a/36 indicates the square root of 36. 

The root of a power may be expressed either by the radical 
sign, or a fractional exponent Thus, v^8*, or 8* denotes the 
cube root of the square of 8. 

An indicated Foot whose value cannot be exactly expressed in numbers 
18 called a Sard^ or an IrrcUiondl Quantity. Eveiy quantity which is not 
a surd is said to be Baiiojial, ^ i 
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Numbers tinder the same radical sign, or index, may be multiplied to 
gether, or divided, like rational numbers, the product, or quotient, being 
placed under the common radical sign, or index. Thus, v^lS x -y/ S = 
VS4; and v^-^^ = .V^ 



SQUAEE ROOT. 

611. The Square Root of a nnmber is one of the tw^o equal 
factors of which it is composed, or a number which multiplied 
by itself will produce the given number. 

615. The method of extracting the square root of a number 
will be best understood by squaring a number of two figures re- 
garded as a binomial, and observing the combinations pro- 
duced. 

616. A Binomial is a quantity consisting of two terms, and 
its square is equal to the square of the first term, plus twice the 
product of the first by the second, plus the square of the second. 

Let 35 be written 30 + 6. Then, squaring this number, by 
multiplying each part separately, we have, 

30 + 5 
80 + 5 



150 + 25 
900 + 150 

900 + 300 + 25 = 85" = 1225, 

The product is composed of three parts : the first is 900, = 30* ; the 
second, 800, = (30 x 5) x 2; and the third, 25 = 5*. 

Hence, (30 + 5)« = 30' + 2 (30 x 5) + 6«. 

Now, if we subtract from this power 30", or the square of the first term, 
there will remain, 2 (30 x 5) + 5*, which may be written thus : — 
(2 X 80 + 6) X 5. 

Hence, the remainder is the product of two factors, one of which is 
twice iJie tens plus the units, and the other the units. 

617. This involution is illustrated geometrically by the follow- 
ing diagram : — 
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Let A C be a straight line divided into two 
parts, A B, B C, at the point B. 

Let the line A B represent the 3 tens, or 80, 
and B C, the 5 units. 

Then, the square H D I G will be equal 
to a square on the unit line B C, for 1 G is 
equal to B C. The two rectangles E H F I, 
I G B C, are each equal in length to A B, or 
the tens* line, and in width to B C, the unit 
line, or each is equal to A B x B C. But the 
whole square described on A C is equivalent 
to the sum of the squares described on the 
parts, A B, B C, together with twice the rectangle contained by A B, B C ; 
that is, A C^ = A B" + B C" + 2 A B x B C ; or 




(30 + 5)« = 30' + 2 (30 X 5) + 5^ 



618. In the same manner it may be shown th^t the squaie of 
any polynomial, or quantity consisting of two or more terms, 
is equal to the square of the first term, plus twice the first term 
into the second,plus the square of the second; plus twice the sum 
of the first two into the third, plus the square of the third ; and 
so on. 

Every number may be regarded as composed of tens and units ; but, if a 
number of three or more figures be considered a polynomial, the relation 
of the highest or any order to the next lower, is the same as that of tens 
to units; and, by squaring it, the number expressed by any two adjacent 
figures will be developed as a binomial. Thus, 254^^ = (200 + 50 + 4)' = 
200" + 2 X 200 X 50 + 50'' + 2 (200 + 50) x 4 + 4". This is equal to 
(200 + 50)" + 2 (200 +50) X 4 + 4". Hence the Binomial Formula is 
universally applicable. 

619. By reversing this process of involution, we may find the 
square root of any number. 

First, it is necessary to determine from what parts of the 
power the several parts of the root are derived. This is done 
by separating the given number into periods of two figures each, 
the reason for which is explained as follows : — 

The square of any number that can be expressed by one figure 
will always be found in the first two places of the power; the 
square of any number that can be expressed by two figures, in 
the first four places ; and so on, every two places in-the power 

15* 
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-will give one figure in the root This will be apparent, if we 
square the lowest and highest numbers consisting of one^ two, 
three, or more figures ; as, 1 and 9, 10 and 99, etc. Thus, 



)0t8, 1 9 10 99 


100 999 1000 9999 


[uares,! 8*1 lOO 980i 


io6o6 9&86oi io(mob 999go6oi 



The last will be a partial period, when its root is less than 4. 

620. From the foregoing principles and elucidations we de- 
rive the following 

KuLK — L Separate the number into periods of two figures 
each, by placing a dot over the place of units, and over every alter- 
nate figure to the left in integers, and to the right in decinmls. 

II. Find the greatest perfect square in the first period on the 
left, and place its root at the right, after the manner of a quo- 
tient. Subtract the square of this root from the first period, and 
to the remainder annex the two figures of the second period for a 
dividend. 

III. Double the part of the root already found, and place it on 
the left for a divisor. Ascertain how many times this is con* 
tained in the dividend, exclusive of the right-hand figure, and 
place the quotient in the root, and also at tJie right of the divisor. 

lY. Multiply the divisor thus obtained by the digit of the root 
last found: subtract the product from the dividend, and to the 
remaindef bring down the next period for a new dividend. 

V. Double the part of the root already found, for a new divi- 
sor, and proceed as before; and so on, through all the periods. 

Notes. —1. When the given number is not a perfect square, the root 
may be continued to as many decimal places as may be required, by an- 
nexing periods of ciphers. 

2. When the trial divisor is not contained in the remainder, exclusive of 
the righi-hand figure, place a cipher in the root, annex a cipher to the trial 
divisor, and bring down the next period. 

8. The root of a decimal power contains as many decimal places as there 
are decimal periods in the power. 0i,.:ze..yGoOgIe 
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Examples. 

1. What is the square root of 226576 ? 

OPERATIOK. Analysis.— Having separated the number 

2^6576^476 Ans ^^^ periods of two figures each, we and that 

^ ^ * * the root will consist of a number of three 

■[_ figures, or of hundreds, tens, and units, and 

87) 665 ^^^^ **^® square of the hundreds will be found 

-,' ^^Q in 22, the left-hand period. We now seek 

-1 2!ll for the greatest square in 22, which we find 

946) 5676 ^ ^ 16, and its root is 4. Placing this root 

5676 at the right, we subtract its square, 16, from 

22, and to the remainder annex the second 

period for a dividend. Now, this dividend must contain the product of 
two factors, one of which is twice the hundreds phis the tens^ and the other 
the tens. And, since the number of tens is as yet unknown, we must find 
it by trial, and must take tvnee the hundreds, which we know is a part of 
the other factor, as a trial divisor. One place is wanting in this divisor, 
and for this reason, we find how many times it is contained in the divi- 
dend, exclusive of the right-hand figure. It is contained 8 times, but when 
8 is annexed to the trial divisor, the divisor will be too lai'ge, for in the 
multiplication there will be 6 to carry. Therefore, we try 7, which is 
found to be the right number. Multiplying 87 by 7, and subtracting the 
product from the dividend, we obtain 56 for a remainder. Again we 
double the part of the root already found, or, which amounts to the same 
thing, add the last figure to the last divisor, to form a new trial divisor. 
Bringing down the last period, we ascertain how many times 94 is con- 
tained in 567, for the last figure of the root. It is contained 6 times, and 
placing 6 in the root, and annexing it to the trial divisor, we multiply as 
before. The product is equal to the dividend, and hence 476 is the root 
required. 

2. What is the square root of 13.140625 ? 

OPERATIOK. 



1^.140625(3.625 
9 



66)414 
6396 

722)1806 
21444 



Analysis.— The integral part of the number 
consists of only one period. The decimals are 
pointed off in periods of two figures each, be- 
ginning with the units. In other respects, the 
operation is the same as in whole numbers. 
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What is the square root of— 

3. 33489 ? I 6. 22.2784 ? I 7. 28009 ? 

4. .0196 ? I 6. 6700921 ? I 8. 4937284 ? 

9. Find the square root of 2, correct to four decimal places, 

10. Find the square root of 149.4, correct to three decimal 
places. 

11. Find the values of the following expressions : — 
4 Vsr 7. 5625* 



1. Vms9 

^- V7.2r 
3. V'ST 



8. V81 X V^5. 



9. Vlil -^ 4 



6. a/462400 
6. V.015625 

12. What is the square root of 44890000 ? 

13. Find the* square root of 66650896. 

14. Find the square root of 8. 

15. Extract the square root of 130321. 

16. Extract the square root of 824464 

17. Find the square root of 366025. Of 4937284 

CONTBACTED METHOD. 

621. When many decimal places are required in the root, a 
very good approximation may be obtained by extracting the 
root in the usual way to half the number of places required, or 
one more, and then continuing by contracted division. 

Example. 

1. Find the square root of 12, correct to 8 decimal places. 

OPEKATiON. Explanation.— We extract the root by the 

ik) 3 46410161 + usual method to the foui'th decimal place, and 

g ' have a remainder of 1119. Then, cutting off one 

figure from the right of the trial divisor, we find 

64)300 l^ow many times the remaining part is coutained 

256 ill 111^- It is contained times ; so, placing a 

cipher in the root, we cut off ajiother figure, leay- 

686)4400 ing 693, which is contained once m 1119, with a 

4116 (over) remainder of 427. Placing the quotient, 1, in the 
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root, we cut off another ^gure, and divide 427 by 

6924)28400 69, observing in the multiplication to carry 1 for 

27696 the figure dropped. We now have 12 remaining, 

which would contain 6 twice, if there were none 

6,9,2,8,1)70400 ^^ ^any ; but, for the 9 rejected 1 must be carried, 

^^^^^ and, therefore, we write 1 in the root, and the 

^ . ^ work is complete. 

692 

427 
415 

12 
EXTRACTIOlir OP THE SqUABE EoOT BY FaCTOBING. 

022. The square root of a number which is a perfect square 
may be obtained by resolving it into its prime factors, and find- 
ing the continued product of one half of the several different 
factors. 

Examples. 

1. What is the square root of 39204 ? 

SoLXjnoiT. — The prime factors of this number are 2, 3, 3, 3, 3, 8, 11, 11 ; 
and2x3x3xll = 198, Ana, 

2. Eequired the square root of 1764. 

3. Eequired the square root of 131769. 

4. What is the square root of 9604 ? 

623. The root of any number whose index is any power of 2, 
as, the 4th, 8th, 16th root, etc., may be found by the following 

EuLE. — Extract the Square Root as many times successively 
as 2 is contained as a factor in the index of the required rooty 
that iSy twice for the Uh rooty three times for the Sih root, etc 

Examples. 

1. Extract the 4th root of 1296. 

2. Find the 8th root of 5764801. 

3. Find the 8th root of 20390869140625. 
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Squabb Eoot of Fbactioks. 

624. The sqiiare root of a common fraction is tho square root 
of its numerator diyided by the square root of its denominator. 
Hence, when both terms are perfect squares, we haye the fol- 
lowing 

BuLE. — Extract the square root of each term separately ; the 
results will he the corresponding terms of the fraction which is 
the required root. 

Or, reduce the given fraction to a decimcdy and then extract its 
root by the previous rule. 

Unless both tenns of a fraction are perfect squares, the fraction is not a 
perfect square, and only its approximate root can be found. 

Either term, however, can always be made a perfect square, without 
altering the ralue of the fitu^tion, by multiplying both terms by the same 

number. For example, A = Ji; and |/|^= ^ ; or, A= «; and 
84"" Vsi. 

Appboximatb Squabb Root of Fbactions. 

625. To extract the square root of a fkraction which is 
not a perfect square, to within less than its Pactional 
unit. 

BuLE. — Multiply the numerator by the denominatovy and ex- 
tract the square root of the product to within less than 1 ; divide 
this result by the denominator of the given fraction ; the quo^ 
tient will be the root required. 

Note.— This is equivalent to multiplying both terms by the same num- 
ber, and extracting the root of both. 

Examples. 

1. Extract the sqnare root of -^ to within less than -jV* 

70 
Solution. A = T^i. w^d the square root of 70, within less than 1, is 8 ; 

hence -Ar or |^ is the required approximate root. 

2. Find the square root of | to within less than /W Ans. f. 
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3. Extract the square root of -^ to within less than ■^. 

NoTB. — ^To make a nearer approximation to the true root, increase the 
denominator to any larger square. 

6Jt To extract the square root of a fraction which is 
not a perfect. square, to within less than any fractional 
unit. 

BuLE. — Reduce the given fraction to the same denomination as 
the fractional unity and then proceed according to the previous 
rule. 

EXAHPLEB. 

1. Extract the square root of ^ to within less than -jV- 

8 49- 42^ 
Solution, -y = ^ = ^ , and the square root of 42f , to witMn less 

than 1, is 6 ; hence A = i is the required root. 

2. Extract the square root of -^ to within less than y)-^. 

3. Find the square root of -^ to within less than .001. 

4. Find the square root of ^ to within less than t^. 

6. Find.the square root off to within less than .0001. 

KoTB. — The approximate root of a fraction is usually found by reducing 
the fraction to a decimal, and then extracting the root by the ordinary 
method. 

CUBE BOOT. 

627. The Oube Root of a number is one of the three equal 
factors into which the number can be resolyed. 

628. Any number which is not the product of three equal fac- 
tors is an imperfect cube^ and its cube root can be found only 
by approximation. 

629. The reasons for the several steps in the operation of ex- 
tracting the cube root, will appear by cubing a number regarded 
as binomial ^ i 
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Let 35 be written 30 + 5. Then, by cubing this number, we 
have — 





30 
30 


+ 
+ 


5 

5 


900 + 


150 
150 


+ 


25 


900 + 


300 
30 


+ 
+ 


25 
5 


4500 + 
27000 + 9000 + 


1500 
750 


+ 


125 



27000 + 13500 + 2250 + 125 

fiy examining the composition of this number, we see that 
80' = 27000 = Cube of the tens. 
30 X 80 X 3 X 5 = 13500 = Three times the square of the tens 

multiplied by the units. 
30 X 8 X 6» = 2250 = Three times the tens multiplied by 
the square of the units. 
5" = 125 = Cube of the units. 



42875 = Cube of 8 tens and 5 units. 

Or, (30 + 5)» = SO* + (30« x 8) x 5 + (30 x 3) x 5' + 5». 
Hence the Binomial Formula : 

The Cube of a Binoinial is equal to the cube of the first term, 
plus three times the square of the first term multiplied by the 
second, lolus three times the first term multiplied by the square of 
the second, plus the cube of the second. 

And, whatever the number of terms, we have the general for- 
mula : — 

The Cube of any Polynomial is equal to the cube of the first 
term, plus three times the square of the first term into the second, 
plus three times the first into the square of the second, plus the 
cube of the second; plus three times the square of the sum of the 
FIRST TWO into the third, plus three times the sum of the 
FIRST TWO into the square of the third, plus the cube of the 
third, etc. 
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Kow, if from 30' + (30* x 3) x 5 + (30 x 3) x 5' + 5', we subtract 
80", or the cube of the firet term, there will remain (80* x 3) x 5 + (30 
X 3) X 5' + 5", in which we observe that 5 is a factor of every part. The 
remainder may, therefore, be written thus :— 

(30« X 8 + 80 X 8 X 5 + 6') X 5. 

Hence, the remainder is the product of twb factors, one of which is 
composed of three times the square of the tens^ plus three times the tens muUi- 
plied by the units^plus tJie square of the units ; and the other is Vie units. 

Every number may be regarded as a binomial. Thus, 325 is 
32 tens and 5 units. But, the development of this number, as 
a trinomial (300 + 30 + 5), will give — 

SOO" + 3 (300« X 20) + 300 X 8 X SO'' + 20" + 8(300 + 20)' x 5 + 3(800 
+ 20) X 5" + 5", 

which contamsthe cube of the binomial, 800 + 20 = 300' + 8 (800' x 20) 
+ 800 X 3 X 20' + 20', and the remainder 8 <300 + 20)' x 5 + 3 (300 + 
20) X 5' + 5', or, 

(3(300 + 20)' + 8 (300 + 20) X 5 + 5'^ x 5. 

Therefore, the remainder is the product of two factors, one of which is 
three times the square of the first two terms, plus three times the first two mul- 
tiplied by the tJard, plus tJie square of the third; and the other w the third 
term ; and so of any number whatever. Hence the formula applies in all 
cases. 

630. The involution of a binomial may be illustrated geomet^ 
rically as follows : — 



/i 


/ 


303=127000 
I ... .. 






/ 



Let figure A represent a cube whose edge is 30 inches. 
Then, its solid contents are 30' =• 27000 cubic inches. 



B y^ ^^ ^xp y// Kow, suppose this cube to be increased to a cube of 
Ik 85 inches, by additions upon three of its sides. These 
additions may be represented, 

1st. By the three parallelopipedons, figures B; 0, D. 
each 80 inches square and 5 inches thick. Their solid 
p /ao'^^ /) contents are 80» x 5 x 8 = 13500 cubic inches. 
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2d. By the three parallelopipedoiis, £, F, G, eacdi 80 inches 
long by 5 inches square. Their solid contents are 80 x 5' x S 
= 2250 cubic inches. 



6 



^ 



H 



8d. By the small cube, figure H, whose edge is 5 inches, and 
solid contents 6' = 125 cubic inches. 



m 



The cube thus constructed is represented by figure 
I, a cube of 85 inches = 42875 cubic inches. 



631. By reyersing this process of inyolntion, we extract the 
cube root of any number. 

First, as in square root, it is necessaiy to distinguish the parts 
of the power from which the several parts of the root are de- 
rived. This is done by separating the given number into 
periods of three figures each, the reason for which is explained 
as follows : — 

The cube of any number expressed by one figure will always 
be found in the first three places of the power ; the cube of any 
number expressed by two figures, in the first six places; and so 
on, every three places in the power giving one figure in the root. 
This may be easily demonstrated by cubing the lovest and 
highest numbers consisting of one, two, three, or more figures; 
thus — 



Roots, 1 
Cubes, 1 



9 
72§ 



10 99 
i006 97029^ ' 



too 
ioooood 



999 
99*00S99& 



The left-hand period will be a partial period consisting of only one, or 
two figures; when its root is less than 5. 

632. From these principles we derive the following 

Rule. — L Separate the given number into periods of three 
figures each, by placing a dot over units, another over thousands. 
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and 80 on, over every third figure to the left in integers, and to 
the right in dedmaU. 

n. Find the greatest perfect cube in the Uft-hand period, and 
place its root on the right for the first figure of the rwd; sub- 
tract the cube from the left-hand period, and to the remainder 
bring dovm the next period for a dividend, 

ILL Take ttrti times the square of the part of the root already 
found for a trial divi9or. 

IV. Mnd how many times the trial divisor is contained %n 
the dividend, exclusive of the two right-hand figures, and write 
the quotient as ths next figure of the root. 

V. To complete the divisor, multiply the part of the root pre- 
viously found by the last root figure, triple the product, and 
write it under the divisor one place to the right ; square the last 
root figure, and write its square under the preceding product one 
place to the right : add these three together, and their sum will 
be the divisor completed, 

VI. Multiply the complete divisor by the last root figure, sub- 
tract the product from the dividend, and to the remainder annex 
the next period for a new dividend. 

VIL Thtis proceed tiU the whole root is obtained. 

To find each successive trial divisor, proceed as directed by 
part Illy or, add together the numbers added to complete the 
previous trial divisor, the last true divisor, and the square of the 
last root figure. 

Notes. — 1. When the trial divisor is greater than the dividend, excla- 
sive oT the two right-hand figures, place a cipher in the root, annex two 
ciphers to the trial divisor, and bring down the next period for a divi- 
dend. 

2. When any divisor, completed as directed, is found to be too large, 
diminish the root figure till the proper divisor is obtained. 

8. After having found the second figure of the root, by using the trial 
divisor, we may, instead of completing the divisor, cube the two figures 
of the root already found, and subtract the cube from the two left-hand 
periods ; then, form a new trial divisor, find the next figure of the root, 
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and subtract the cube of the three figures of the root found from the three 
left-hand periods ; and so on, till the work ia completed. 

Examples. 
1. What is the cube root of 107171875 ? 

OPBBATION. 

10717i875(475 
4»= 64 



1st trial divisor, 4« x 3 = 48 48171, 1st dividend. 

4x7 X 8 = 84 S9823 

7«= 49 

8348875 

1st complete divisor, 6689 3348875 

2d trial divisor. 47* x 8 = 6627 
47 X 6 X 3 = 705 
5»= 25 



2d complete divisor, 669775 Ans, 476. 

Analysis. — Separating the given number into periods of three figures 
each^ we see that the root will consist of three figures, and that the cube 
of the hundreds will be found in 107, the left-hand period. The great- 
est cube in 107, is 64, and therefore, its root, 4, is the fii-st figure of the 
required root, which we write at the right. Next, we subtract 64 fi-om 
107, and to the remainder annex the next period to form a dividend. 
Now, this dividend, 43171, contains the product of two factors, one of 
which is tJiree times the square of the hundreds^ ^ 4' x 3, pliLS three 
times the hundreds multiplied by the tens (unknown), plus the square of 
the tens ; and the other is th^ tens, or next figure of the root. The required 
term, being unknown, must be found by trial. Therefore, we take three 
times the square of the hundreds, or known part of one factor, as a trial 
divisor ; that is 4* x 3 = 48. And since 48 represents 4800, we find how 
many times it is contained in the dividend, exclusive of the two right-hand 
figures. It is contained 8 times ; but 8 is too large, because the divisor yet 
requires quite a large addition. Therefore, we try 7. Assuming this to 
be correct, we supply the missing parts of the factor, which we call the 
divisor ; that is, we add three times the hundreds multiplied by tlie tens^ plus 
the square of the tens. This completes the divisor. We now test the cor- 
rectness of the work by multiplying this complete divisor (factor) by 7, the 
other factor, or root figure. It is found to be correct, and we subtract the 
product from the dividend, and annex the next period for a new dividend, 
with which we proceed as before, and so contmue till tlie whole root is 
obtained. 
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633. New Method of fobmikg the Trial Divisoes 
2. Eequired the cube root of 15126032609891. 



operation. 



2« 
X 4 



X 3 =--- 
X 3 = 

4« = 



X 7 X 



2« = 

13 
24 
16 

1456 
16 



1728 
8 = 504 1 

7* = 49 

177889 ^ 
49 



15126032609891(24731 
8 

7126 

5824 



1302032 
1245223 

56809609 
54974817 



1834793891 
1834792891 



247 X 3 X 



2473 X 1 X 



3 = 
8* = 



183027 
2223 
9 



18324939 
9 



18347187 
3 = 7419 
!•= 1 

1834792891 



Explanation. — The successive 
trial divisors after the first are formed 
by adding the numbera inclosed by the 
brackets. The rest of the work is per- 
formed in the same manner as in the 
other method. The principle of this 
mode of forming the trial divisors can 
be best explained by means of the geo- 
metrical illustration. The trial divisor 
is always the surface of three sides of 
the cube already found, and a com- 
pleted divisor ii^ the surface of one side of seven additions to be made to 
complete an increased cube. The surface of three sides of the cube con- 
structed by these additions, as shown by Fig. I, page 354, is equal, in the 
above example (considering the first figure of the root as tens of the next 
lower order), to 20" x 3 + (20 x 4 x 3) x 2 + 4» x 3 = 1728, a result 
which is obtained by adding to the last complete divisor all that was 
added to the previous trial divisor to complete it, plus the square of the 
last figure of the root, as shown in the solution. 

This method is a-t once simple and labor-saving, and will, it is believed, 
commend itself to general favor over any other. 
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EXAHFLBS FOB FbACIIGB. 

L What is the cabe root of 48228544? 

2. Find the cube root of 32461759. 

3. Find the cube root of 12.977875. 

4. Find the cube root of 37.8756, correct to three decimal 
places. 

Note.— In cases of this kind, annex as many ciphers, or periods of 
dphers, as may be required. 

5. Required the cube root of 2, correct to four decimal places. 

6. Required the cube root of 27.3421, correct to two decimal 
places. 

7. Required the cube root of 3048625. 

8. Find the cube roots of 531441 and 681472. 

9. Find the cube roots of 456533 and 132651. 

10. Find the values of ^213776173 and^357911« 

11. Find the value of .y/5ii35 + ^8645. 

12. Find the value of ^10077696 — ^^15625. 

13. Find the value of ^^96 X ^^875. 

14. Find the value of ^681473 -r >y/l33T. 

15. Find the cube root of 1003003001. 

16. A bushel contains 2150.42 cubic inches. What must be 
the inside measure of a cubical bin which will contain 100 
bushels ? Ans. 4 ft. 11.91 in. +. 

17. What is the length of the side of a cube which contains 
3796416 cubic feet? 

CONTBACTED MbTHOD. 

6SI. When the root is interminable, or many decimal places 
are required, a very good degree of approximation may be ob- 
tained, and the operation considerably shortened, by proceeding 
in the usual way to several decimal places, and then continuing 
the work by contracted division. ^ t 
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Example. 

1. Required the cube root of 7.857142, correct to ten decimal 
places. 







OPERATION. 


3 


7.857142U.fi 




27 


1 




81 




• 




6857 




651 


6859 




. 81 






998142 


1083 


903392 




' 456 






64 


94750000 
94470272 




112924 




64 


279728 
237128 




ll'TAIO. 






r 4752 


42600 




64 


35569 




11808784 


7031 




64 


5928 


1,1 


,8,5,6,4,3,3 


1108 




1066 




37 




35 




"2 






2 



ExPLAKATtON. — ^Wc stop here, after proceeding by the usual method to 
the third decimal place of the root The remainder is 279728, and the last 
complete divisor, 11856432 ; but, instead of annexing another period of 
ciphers to the dividend, we cut off one figure from the right of the divisor, 
and see how many times the remaining part is contained in the dividend. 
It is contained times ; so placing a cipher in the quotient, we cut off 
another figure from the divisor, and find that the remainder is contained in 
the dividend 2 times. Continuing the work in this manner, cutting off one 
figure from the divisor at every division, we finally obtain 1.9880285932 as 
the required root ^ I 
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Method by Factoring. 

635. The cube root of a number which is a perfect cube, 
may be found by resolving the given number into its prime fac- 
tors, and taking the continued product of one third of each of 
those factors. 

Example. 

1. What is the cube root of 250047 ? 

Solution.— The prime factors of this number are 3, 3, 3, 3, 3, 3, 7, 7, 7 ; 
therefore, 3 x 3 x 7 = 63, the required root 

Cube Eoot of Peaotions. 

636. The cube root of a fraction is the cube root of the nu- 
merator divided by the cube root of the denominator. 

Examples. 

1. What is the cube root of JlfH ? ^^-5. ff. 

2. What is the cube root of -^^? 

3. Kequired the cube root of l-J. 

Notes. — 1. When one of the terms is a surd, as in this case, the fraction 
may be reduced to a decimal, and the root extracted to any required de- 
gree of exactness. 

2. When the denominator is rational, the approximate root of the nu- 
merator may be found, and divided by the exact root of the denominator. 

Approximate Cube Boot of Fractions. 

637. To extract the Cube Root of a common fraction 
which is not a perfect cube, to within less than its 
fractional unit. 

Kule. — Multiply the nmncrator hy ihe square of the denom- 
inator^ and extract the cube root of the product to within less 
than 1 ; divide this result by the denominator, and the quotient 
will be the reqicired root. 

Note. — This is equivaleut to multiplying both terms of the fraction by 
the square of the denominator, and exti*acting the root of both terms. 
The denominator is thus made rational. 
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EZAHPLESk 

1. Find the cube root of -^ to within less than ^ 
SoLtmoN. ^ "^ V^* = ^, and the cube root of 1792, to within ksa 

10 X 10 10 

than 1, is 12; therefore if, or }, is the required root 

2. Find the cube root of 4^ to within less than -fj, 

3. Beqnired the cube root of -^ to within less than ■^. 

638. To extract the cube root of a common fraction 
which is not a perfect cube, to within less than any 
fractional nnitw 

EuLE. — Reduce the fraction to the same denomination as the 
given fractional unit, and then proceed according to the previous 
rule. 

Examples. 

1. Beqnired the cube root of 2|^ to within less than ^. 

Solution. 2| = V = f ^ ; &^d the cube root of 66, to within less than 

I, is 4, and the cube root of 27 is 3 ; hence |, or 1^, is the required root. 

2. Find the cube root of .8 within .01. Ans. ^2. 

3. Find the cube root of .65 within .1. 

4. Kequired the approximate cube root of ^. Ans. f . 

Boots of all Degrees. 

639. Boots of higher degrees than square and cube roots may 
be extracted by the rules already given, when their indices con- 
tain no other factors than 2 or 3. Thus, the 6th root of a num- 
ber is the square root of its cube root, or the cube root of its 
square root ; for 6 = 2 X 3. The 9th root is the cube root of 
the cube root The 12th root is the cnbe root of the square 
root of the square root of the given number; and so on. 

If the index of the required root is a prime number, as 5, 7, 

II, etc., or contains any other factor, than 2 or 3, the following 
rule TUB J be employed: 
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RuLE.^Por extracting any root whatever. 

I. Separate the given number into periods of as many figwren each as there 
are units in the index of the required root, 

IL Find the greatest power in the left-hand period whose exponent corre- 
sponds with the index of the required root, and place its root as the first figure 
of the required root; subtraH the power from the left-hand period, and to tJie 
•remainder bHng down the next period for a dividend. 

III. Then, for a trial divisor, raise the part of the root dlnready found to the 
power next inferior to the given potoer, and multiply the result by the index of 
the required root. 

IV. Find how m^ny tim>es the trial divisor is contained in the dividend^ 
exclusive of aU the figures last brought down, except the first, and write the 
quotient as the next figure of the root. 

V. Then, raise the two figures of the root found to the power whose exponent 
corresponds unth the index of the required root^ and subtract this power from 
the two left' hand periods of the whole given number, (uiHess it be found too 
large, in which case reduce the last rootfigure^ and repeat the process tiU the 
right number is obtained,) and to the remainder lyring down the next period 
for a dividend. 

VI. Proceed in the same manner to find the next figure of the root: then 
subtraet the power of the three figures found from the first three periods of the 
given number : and so continue till the required root is obtained. 

Note. — There are several shorter methods of extracting roots of all 
degrees, deduced from algebraic foi-mulas, but they are not of sufficient 
impoiiancc to students of arithmetic in general to demand attention in this 
connection. (See Strong's Algebra, p. 313; Hutton's Mathematics, p. 64.) 

610. The method by the use of logarithms is, however, supe- 
rior to all others. Persons having tables of logarithms at com- 
mand, and understanding their use, can apply the following 

Rule. — To extract any root of a number:— 

Find from a table the logarithm of the given number, and divide it by the 
index of the root : find from the table the number corresponding to the loga- 
ritlim, and it will be the root required. 

Note.— For practical applications of Square Root and Cube Root, see 
Mensuration. 
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PEINOIPLES AifB PRACTICAL APPLICATIONS OP 

MECHANICAL POWEES. 

641. Mechanical Powers are certain simple machines, or 
elements of machinery, which convert a small force acting 
through a great space into a great force acting through a small 
space, or vice versa. 

They are usually considered to be six; namely, the Levevy 
the WJieel and Axle, the Pulley, the Inclined Plane, the Wedge, 
and the Screw. But, properly, two of these comprise the whole, 
— the Wheel and Axle and the Pulley being only modifications 
of the lever, and the Screw and the Wedge, of the inclined plane; 

642. All of these machines act on the fundamental principle 
known as virtual velocities. According to this principle, the 
pressure or resistance is inversely as the velocities, or spaces 
passed through, or that would be passed through, if the piece 
were put in motion. 

THE LEVER. 

643. The Lever in its simplest form is a bar of metal, wood, 
or other substance, capable of turning on a support, called the 
fulcrum. 

The mass to be raised, or resistance to be overcome, is called the Weight. 
The moving force applied at the other end of the bar is caUed the Power. 
The parts of the bar between the fulcnim and the points where the power 
and weight act are called the Arms of the lever. 

644. The Principle or Law by which the lever' acts as a 
mechanical power is that 

The power and resistance, or weight, are to each other inversely 
as their distances from the fulcrum, or centre of oscillation. 

This is the relation between the power and weight, without reference 
to friction, when they balance each other. If the weight is to be raised, 
additional power must be applied to overcome friction, and give4t motip 



1, and give^t motion. 
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645. Leyers are distinguished, according to the mode in which 
the power is applied, as being of three kinds. 

l8t 



i; 



4 — 1 



In the first Jcindy the fulcmm is 

k placed between the power and the 

F.ioibt. w, 100 lbs. weight 



P : W::B0 :AB. 
w : p : : A B : B o. 
B : A B : : P : w. 
AB :BC :: W :f. 

2cL 



In the second hind, the weight is 

■n-f placed between the power and the ful- 

^k crum. The distance between tbe fal- 

^K cnim and the power is greater than in 

p, 9>/ ibB. w 100 ii». *^® ^^ kind, and, therefore, the effect 

p : w : : B : A 0. produced by it is greater in proportion, 
w : P : : A : B 0. 
B c : A c : : P : w. 
A : B o : : w : P. 

8d. 

In the third hind, the power is 

placed between the weight and the 

r B~C fulcrum. This is the same as the first, 

^^ except that the weight takes the place 

JHL of the power, the power the place of 

w, 100 ibB. p, 1100 ibB. the fulcrum, and the fulcrum the place 

of the weight. 



p : w : : A c : B c. 
w : P : : B : A C. 
A C : B : : P : W. 
B c : A c : : w : P. 



646. In the levers represented by the cuts, the short arm is to 
the long arm as 1 to 10, and the weight is supposed to be 100 
pounds. 
Let A = the length of the lever; 
A B = the long arm of the lever; 
B = the short arm of the lever. 
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Then, in a lever of the first kind, 

P : W : : B C : A B • or, A B : B : : W : P. 

Hence, 10 : 1 : : 100 lbs. : 10 lbs., the power required to 

"R (^ y TCf 

balance 100 lbs. ; or, — . .p = P. And, according to the 

principles of proportion, any one of the elements may be 
fonnd, when the others are known. 

Examples. 

1. The long arm of a leyer resting on a fnlcrnm, is 8 feet m 
length; the short arm 2 feet What weight at the end of the 
short arm will balance a power of 146 lbs. applied at the end of 
the long arm ? 

BOLTTnoN. 2 : 8 : : 145 : W. 

8 

2)1160 

680 = W. ^n*. 580 lbs. 

2. At what point in a leyer 15 feet long must the folcram be 
placed, so that 550 lbs. at one end may be balanced by a power 
or weight of 50 lbs. applied at the other end ? 

Note,— P : W : : 50 : 550 ; hence, the lever must be divided into two 
parts which shall be to each other as 50 to 550, or as 1 to 11. 

3. The weight upon the short arm of a lever is 1 ton, and its 
distance from the fulcrum 2^ feet ; what power on the long arm, 
12 feet from the fulcrum, will just balance the weight ? 

Note. — In all cases of this kind, in theory, the forces which are applied 
are supposed to act at right angles to the lever, and the weight of the lever 
is not taken into account 

647. In a lever of the second kind, 

P: W :: BO : AC; or, AC : BO :: W:P. 

Hence, 1 : 11 : ; 100 lbs. : 9iV lbs., the power required to balance 100 

,, BO X W T5 

lbs.; or, —j^ — = ^• 

From a lever of this kind, as shown, the greatest effect is ob- 
tained from any given amount of power. 
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Examples. 



1. Suppose one end of a lever 8 feet long to rest upon a ful- 
crum, what power at the other end will sustain a weight of 350 
lbs. suspended 2 feet 6 inches from the fulcrum ? 

SoLUTioK. P : W : : 2i : 8; hence, 8 : 21 : : 350 : P. 

8)875 
109i = p. Ans, 109t lbs. 

2. Find the length of a lerer of the second kind which will 
be required to balance a weight of 250 lbs., 10 inches from the 
fulcrum, by a power of 10 lbs, 

3. Suppose a man wishes to raise a weight of 800 pounds with 
a lever of the second kind, by lifting 100 pounds, and that the 
distance between the fulcrum and the weight is 8 inches : at 
what point of the long arm must he take hold of the lever ? 

4. Two men are carrying a load of 120 lbs. suspended on a 
pole between them, 4 feet from the hands of one and 6 feet from 
the hands of the other: what propoi'tion of the weight does 
each carry ? 

648. In a lever of the third kind, 

P : W : : AC : BC; or, BC : AC : : W : P. 
Hence, 1 : 11 : : 100 lbs. : 1100 lbs., the power required to balance 100 

,, A C X W ^ 

lbs. ; or, —^^ — = P. 

This kind of lever is, therefore, the least effective of all as a 
power ; but, as an element of machinery, it is used where ve- 
locity is required at the expense of force, and is applied for 
various other purposes, as on the safety valves of steam-boilers. 
In the latter case, steam is the lifting power, and the weight the 
resistance. 

Examples. 

1. Required the power necessary to sustain a weight of 75 lbs. 
by a lever of the third kind, the distance from the fulcrum to 
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the weight being 7 feet, and to the point where the power is ap- 
plied, 18 inches. 

Solution. P : W : : 7 : li ; hence, H : 7 : : 75 : P. 

,7 

P = 525 -4- li = 350. 

Ans, 350 lbs. 

2. At what distance from the fulcrum of a lever of this kind, 
16 inches long, must a power of 448 lbs. be applied, to balance 
66 lbs. at the end of the long arm ? Ans. 2 inches. 

3. Suppose the orifice of the safety-valve of a steam-boiler, 
suited to an engine of 10-horse power, to be 8 square inches, 
and the short arm of the lever 4 inches in length ; at what dis- 
tance from the fulcrum must a weight of 66 lbs. be placed, to 
just counteract the force of the steam, at a pressure of 30 lbs. 
on the square inch ? Ans. 1^\ inches. 

4. Two weights keep a horizontal lever at rest ; the pressure 
on the fulcrum is 10 pounds, the difference of the weights is 4 
pounds, and the difference of the lever arms 9 inches : what are 
the weights, and their lever arms ? 

Am. Weights, 71bs. and 3 lbs. 
Arms, lof in., and 6 J in. 

THE WHEEL AND AXLE. 

619. The Wheel and Axle consists 
of a wheel fixed upon an axle, concentric 
with it, and is used to obtain mechanical 
advantage in raising great weights, by 
applying the power to the circumference, 
and attaching the weight by a rope or 
chain to that of the axle. It is a modifi- 
cation of a lever of the first kind, and, 
from its properties, is sometimes called a Perpetual Lever. 

650. A portion of the wheel, which may be represented by a 
line drawn from the circumference to the centre, or by a spoke, 
is the long arm of ' lever, and the same in the axle is the 
short arm. The centre is the fulcrum. 
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The common windlass, used for drawing 
water, coal, etc., from wells and pits, and 
the Capstan of a ship, are among the sim- 
plest forms of this machine, in which a 
rope or chain, with the weight attached, is 
wound about a cylinder or roller, moved by 
a crank, shifting leyers, or similar means. 

Peinoiple. — The power is to the weight as the radius of the 
axle is to the radius of the wheel 

Examples, 

1. The diameter of a wheel is 4 feet, and of its axle 8 inches : 
what power applied to the circumference of the wheel would be 
required to raise a weight of 120 lbs., attached to a rope wound 
round the axle ? 

SOLTTTION. P : W : : 4 : 24; hence, 6 : 1 : : 120 : P = 20 lbs., Ans. 

Note.— The rule gives, of courBe, only the power requii-ed to hold the 
weight m equilibrium, not considering friction. Therefore, in the practical 
working of the machine, let it be understood that, to raise the weight, the 
power must be increased sufficiently to overcome the friction and put 
the wheel in motion. 

2. Eequired the weight that can be raised by a power of 160 
pounds applied at the circumference of a wheel, whose diameter 
is 4 feet 6 inches, the rope attached to the weight being wound 
round the axle whose radius is 6 inches. 

3. What power will be required to raise a load of 4 tons from 
a pit, by a common windlass, the cylinder or roller being 6 inches 
in diameter, and the crank to which the power is applied 3 feet 
long? 

4. Suppose an anchor weighing one ton is to be raised by four 
sailors working at tfie- capstan of a ship, which is 15 inches in 
diameter, what force must each exert on his bar 4 feet from the 
centre of the capstan ? Ans. 78^ lbs. 

5. What must be the radius of the axle, if 75 lbs. on a wheel 
of 3 feet radius balances 1200 lbs. on the axle ? 
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THE PULLEY. 

651. The Pulley consists of a wheel turning on a pin m a 
block or frame, with a groove in its circumference. It is used 
in raising and lowering weights, by means of a rope which runs 
in the groove, the weight being attached to one end, and the 
power applied at the other. 

•52. A single pulley of this description affords 
no mechanical advantage, except that derived from 
the flexibility of the rope, and the facility with 
which the power can be applied in different direc- 
tions. Bat when two or more are combined, as 
in the Block and Tackle, Figs. A and B, or as 
represented by Fig. 0, an advantage is obtained by 
a distribution of the weight on the various points 
of support Thus, if two only be used, one being 
movable, the weight will rest on two points, and 
therefore one half will be sustained by the power. 
In a system of three pulleys, two of them movable, 
as shown by Fig. C, the whole weight is suspended from the third ; the 
second supports one half of it, and the first one fourth of it, which is 
equal to the power required to keep tlie whole in equilibrium ; and so 
on for any number. Hence, the power is equal to the weight divided by twice 
the number of movable pulleys. 




FiQ. A. 



FiQ. B. 



The number of movable and fixed pulleys in a Block 
and Tackle may be equal or unequal. When the end of 
the rope or cord is attached to the movable block, one 
fixed pulley more is required, in order that the power 
may be applied downward, as will be seen by inspecting 
Figs. A and B. 

In a Block and Tackle, the weight bears equally on 
all the cords which support it, or parts of the entire cord 
passing between the fixed and the movable block. Hence, 
to find either the power or weight we have the following 




Fio. C 



Pbinciple. — The power is equal to the weight divided by the 
number of parts of the cord which support the movable block. 

KoTE.— The pulleys in a Block and Tackle are called sAsaves. 
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Examples. 

1. Required the power necessary to raise 2000 pounds by a 
Block and Tackle, having two pulleys in each block. 

Solution.— There must be, in this case, 4 supporting cords, or parts ; 
hence, 2000 lbs. -i- 4 = 500 lbs., Ans, 

2. What power will be required to raise 2000 pounds by a 
Block and Tackle, with three sheaves in the fixed block, and 
two in the movable one ? Ans. 400 lbs. 

3. Required the weight that may be raised by a power of 100 
pounds, with a Block and Tackle, having four sheaves in the 
fixed block, and three in the movable one. 

THE INCLINED PLANE. 

•53. An Inclined Plane is a plane that makes an oblique 
angle with the plane of the horizon ; a sloping plane. 

C54. The principle ypon which an 
inclined plane acts as an elementary 
power, may be explained as follows : — 

1. When a body is raised vertically 
by direct force, its whole weight is sup- 
ported by the elevating power, which is consequently equal to 
the weight elevated. 

2. When a body is drawn along a horizontal plane, no part of 
its weight is sustained by the tractive power, which is used only 
to overcome the friction and other resistances opposed to its 
motion. 

3. Therefore, if a body be drawn up an inclined plane, the 
ratio of the power to the weight wiU vary with the inclination 
of the plane. 

Now, according to a principle known as the Parallelogram 
of Forces, if a body be held in equilibrium on an inclined plane, 
by a power acting parallel to the plane, a line drawn horizon- 
tally from its centre of gravity to the plane, will represent the 
resultant of the downward pressure of the body and the power 
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SO exerted, and will be the diagonal of a parallelogram whose 
adjacent sides represent these two forces when friction is not 
taken into account. 

Let C P in this diagram represent the 
power, and C W the weight ; then C R rep- 
resents the resultant, or the resistance of 
the plane when these forces are in equilib- . 
rium. And, since the power used in rais- 
ing a weight up the plane will be exerted 
through a space equal to the length of the 

plane, while the weight will be raised vertically only to its height at the 
point reached, it follows, according to the piindlple of virtual vdociiies^ that 
the power is to tlie weight m Vie Tieight of the plane is to its length. Hence the 

Rule. — I. Divide the weight or resistance by the ratio of in- 
dination, or multiply it by the height of the plane, and divide 
the product by the length ; the quotient toill equal the power re- 
quired to hold the weight in equilibrium on the plane. 

11. Multiply the power by the length of the plane, and divide 
the product by the height, or multiply by the ratio of inclinationy 
and the result will equal the weighty or resistance. 



Examples. 

1. Required the power, or equivalent weight, capable of hold- 
ing in equilibrium a load of 450 pounds upon a plane 1 in 4, or 
3 feet in height and 12 feet long. 

soLUTiON^. 450 -4- 4 = 112|. 

Or, 450 X 3 ^_^ . _., ,, 

— Jo — = 112J. Ans. 112^ lbs. 

2. An inclined plane is 18 feet long, and 6 feet high : what is 
the weight that will be supported on it by a power of 140 pounds ? 

3. Required the power necessary to raise one ton up an in- 
dined plane 12 feet in height and 90 feet in length. 

4. The height of a plane is 4^ feet, and the length 14 feet: 
#<hat weight upon it will a power of 50 pounds support ? 
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THE WEDGE. 

U5. The Wedge, as a mechanical 
power, is a movable inclined plana If 
in the form of a right-angled triangle, 
the back to which the power is applied 
is the height of the plane, and its sloping 
surface the length. In a wedge of this 
kind, on the supposition that there is but 
pne yielding resistance, the power is to the 
resistance as the thickness or head of the 
toedge is to the length of the inclined side. 

C5C. An Isosceles Wedge is a double inclined plane, and the 
force it exerts, when acting against two yielding resistances, is 
divided into two equal parts. Hence, the principle is, the power 
is to the resistance as one half the thickness of the hack or head 
of the wedge is to the length of one of the inclined sides. 

J57. A wedge is driven by pressure or impact In either case, there 
is an equilibrium between Hie driving and resisting forces, when the 
resultants, R R, of these forces are at right angles to the acting surfaces 
of the wedge. When the wedge is driven forward; the directions of the 
resultants are inclined to R' R'. 

Theoretically, the resistances act at right angles to the axis of the 
wedge. Therefore, the power corresponds with the resultant of the 
power and weight in an inclined plane. 

Examples. 

1. The breadth of the back or head of an isosceles wedge is 
3 inches, and its inclined sides each 10 inches long: what 
pressure is required to act upon the wedge to drive it between 
two resisting surfaces whose force is equal to 180 pounds ? 

soLUTiON^. ^^^^ ^^ = 27. Ans. 27 lbs. 

2. Suppose a pressure of 75 pounds to be applied to a triangu- 
lar wedge, the head of which is 2 inches thick, and the side 12 
inches long, what resistance on the sloping side will it counter- 
act, if the other side remain fixed, without regarding friction ? 

Ans. 450 lbs. 
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858. A wedge is usually driven by a hammer, mallet, or beetle, and 
in this manner its eflEectiveness in cleaving solid substances becomes very 
great But, the conditions under which such forces are applied are so 
various, that an explanation of the principles involved would require more 
space than can be devoted to the subject here. Therefore, in each of the 
following examples, the measure of the " accumulated units of work," at 
the moment of impact, is given in terms of pressure. 

3. The head of an isosceles wedge is 3 inches thick, the 
length of the side 6 inches : what will be the measure of its 
effect, if it be struck by a force equal to a pressure of 350 
pounds ? 

4. If the head of a triangular wedge be 4 inches thick, and 
the length of the inclined side 7 inches, what resistance will it 
overcome, if struck by a hammer whose impact upon it is equal 
to a force of 200 pounds ? 

THE SOKEW. 
659. The Screw, as a mechanical power, is a modification of 
the inclined plane, and may be 
viewed as an inclined plane wind- 
ing spirally round a cylinder, at a 
constant inclination to its axis. 




660. The distance between two 
helices, or threads, measured on a 
line parallel to the axis, and called 
the pitch of the screw, is the height 
of the plane formed by one convolu- 
tion, and the circumference is its base. The pitch and circum- 
ference are, therefore, two sides of a right-angled triangle, of 
which the helix, or thread, is the hypothenuse. Hence, the 
length of the plane may be found by the rule for finding the 
hypothenuse of a right-angled triangle, the other two sides be- 
ihg given ; and the effective power of the screw, when the pres- 
sure is applied to its circumference, maybe calculated from this, 
as a movable inclined plane, or wedge. 

661. The power is, however, usually applied by means of a 
lever, which introduces another element, but does not change 
the principle, deduced as above, that the mechanicajUadvanjfcage 
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gained by the screw, depends upon its pitch, and the length of 
the leyer, or the circumference described by the power. Hence, 
we have the following general 

Principle. — Ab the common distance between the threads of 
the screw is to the circumference of the circle described by the 
power, so is the power to the pressure exerted. 

Note. — It is immaterial to the result what the diameter of the screw is, 
for if it be increased or diminished, the ratio of inclination of the thread 
will be diminished or increased in the same proportion. 

662. In the ordinary applications of this power to produce pressure, as 
in the common press, vice, or similar machine, both an external and. an 
internal screw are required. An internal screw is a screw made on the 
interior surface of a hollow cylinder, or perforation in a block, and is 
called a nut or burr. It is the reverse of the external screw which is 
used with it The two combined form a double inclined plane, one sliding 
upon the other, producing and transmitting pressure according to the 
mode of their arrangement 

Examples. 

1. Bequired the effective power obtained by a screw of f inch 
pitch, and moved by a force equal to 50 pounds at the extremity 
of a lever 30 inches in length. 

SOLUTION. J : (30 X 2 X 3.1416) : : 50 ; P. 

80 X 2 X 8.M16 X 50 _ 
.875 " 

Ans. 10771 lbs. 

2. Required the power necessary to overcome a resistance 
equal to 7000 pounds, by a screw of IJ inches pitch, and moved 
by a lever 25 inches in length. Ans. 55.7 4- lbs. 

3. If the threads of a screw be one half an inch apart, and a 
power of 100 pounds be exerted at the end of a lever 36 inches 
long, what pressure will be produced at the end of the screw? 

4. What power is necessary to raise a weight of 5 tons, by a 
screw whose pitch is 1 inch, if the power be applied at the end 
of a lever 10 feet long ? 

Note. — No account is here taken of friction, for which, in practice, con- 
siderable allowance must be made. 
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PEOGRESSIOIsr. 

683. Progression is a regular increase or decrease in a suc- 
cession of numbers, called a series. 

6C4. A Series of Numbers in Arithmetical Pro- 
gression, or An Arithmetical Series, is a series increasing 
or decreasing by a common difference ; as, 3, 5, 7, 9, 11, etc. ; 19, 
15, 11, 7, and 3. 

An arithmetical series is formed by continually adding the 
same number to, or subtracting it from, any given number. 

665. A Series of Numbers in Geometrical Progres- 
sion, or a Geometrical Series, is a series increasing or de- 
creasing by a common ratio ; as, 2, 6, 18, 54, etc. ; 64, 32, 16, 8, 
4, and 2. 

A geometrical series is formed by continually multiplying or 
dividing any given number by the same number. 

666. "The Terms of a series are the several numbers which 
compose it. 

667. The Hztremes are the first and last terms ,* the Means, 

the intermediate terms. 

A series is called Increasing or Asceyidingy when the terms 
successively increase, and Decreasing or Descending, when they 
successively decrease. 

AEITHMETICAL PROGRESSION. 

In the solution of problems in arithmetical progression, there 
are five quantities, or elements, to be considered ; viz., 

1. The firet term; 

2. The last term ; 

8. The common difference ; 
4. The number of terms ; 
6. The sum of all the terms. 

Any three of these being known, the remaining two may be 
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Pbobleh L 

688. One of the extremes, the common difference, and 
the number of terms being given, to find the other ex- 
treme. 

Example. The first term of an arithmetical series is 2, the 
common difference, 3, and the number of terms, 9 : what is the 
last term ? 

80LT7TI0K. ANAiiYBiB. — ^Thc serics begins with 2; the 

8, No. of terms less 1. second term is 2 + 3 = 5 ; the third term is 

8, Com. difference. 6 + 8 = 8; the fourth term is 8 + 8 = 11 ; 

— and so on to the last, which is formed by add- 

24, Product. . j^g 3 fQj. ^q eighth time, or t?ie number ofaddi- 

2, First term added. ^^^^ is one less than the number of terms, 

26 Last term. Hence, the last, or 9th term, will be equal to 2, 

the first term, plus 8 times 8, the common 

difference. 2 + 8 x 8 = 26, Am, 

A decreasing series is produced by continual subtraction ; therefore, 
when the given extreme is the first term of a descending series, the prod- 
uct found as above must be subtracted from that term, to find the last 
term. Hence the 

EuLB. — Multiply the common difference iy the number of terms 
less 1 ; add the product to the first term in an ascending series ; 
but subtract it from the first term of a descending series. 



Examples for Practice. 

1. The first term of an increasing series is 3, the common 
difference i, and the number of terms 16: what is the last 
term? 

2. A laborer agreed to mow 20 acres of grass at 25 cents for 
the first acre, 50 cents for the second, and so on to the last, 
in arithmetical progression : what would he receive for the last 
acre ? 

3. What is the fiftieth term of the decreasing series of even 
numbers, commencing with 100 ; as 100, 98, 96, etc ? t 
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Peoblem IL 

. 669. The extremes and number of terms being given, 
to find the common difference. 

Example. The first term of a series is i, the last 5, and the 
numher of terms, 20 : what is the common difference ? 

BOLunoK. ANALTBiB.~Since, as was shown by Problem 

5 — i = 4}. I, the difference of the extremes is equal to the 

4} -»- 19 = i^Ans, common difference multiplied by the number 

of terms less 1, the difference of the extremes 

divided by the number of terms less 1, will be the common difference. 

Hence the 

EuLE. — Divide the difference of the extremes by the number 
of terms less 1. 

Examples for Practice. 

1. The extremes of an arithmetical series are 2 and 22, and 
the number of terms 25 : what is the common difference ? 

2. A man traveled a certain distance in 5 days, going 8 miles 
the first day, and increasing every day by the same number of 
miles. His last day's journey was 48 miles : what was the daily 
increase P 

3. Insert 8 arithmetical means between 9 and 33. 



Problem IIL 

670. To find the stun of the terms of an aiithmeticai 
series. 

Example. Find the sum of the series the first term of which 
is 3, the last 27, and the common difference 4. 

To obtain a rule for finding the sura, let us write the series, and under it 
place the same with the order of the terms reversed. Then, by adding 
corresponding terms, we shall have : — 

8 + 7 + 11 + 15 + 19 + 23 + 27 = 105. 
27 + 23 + 19 -f 15 -f 11 4- 7 + 8 = 105. 

80 + 80 + 80 + 80 + 30 + 30 + 80 = 210. 
Now, the successive simis are each equal to the sum of the^rst and last 
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terms, and their entire sum is equal to twice the sum of theaeriflL 'Hierc- 
fore the sum of the scries is equal to the sum of the extremes multiplied by 

ff7 I Q y *y 
one half thennmber of temiB ; or s = ^^5» ^''^ Hence the 

EuLE. — Multiply the sum of the extremes by the number of 
terms, and divide the product by 2. 

1. The extremes of an arithmetical series are 80 and 4, and 
the number of terms 20 : what is the sum of the series ? 

2. How many times does a clock strike in 12 hours? 

3. Suppose 50 eggs to be laid one yard apart in a straight line, 
the first one yard from a basket : how far must a person travel 
to pick them up singly, and lay them in the basket, taking that 
as the starting-point ? 

4. A falling body falls 16-^ feet the first second, and increases 
in velocity at the rate of 32| feet per second: how far will it 
fall in 15 seconds ? Ans. 3600 feet 

Note. — The acquired velocity at the end of 15 seconds is 15 x 32i. 
This is the last term, and 15 is the number of terms. (See page 418.) 

5. What is the difference between simple and annual interest 
on $1000, at 6^, for 10 years, nothing having been paid till the 
end of the term ? 

Note. — At annual interest, the first term, regarding the series as ascend- 
ing, or reversing its natural order, is the principal, and the last term, its 
amount at simple interest for 9 years. The number of terms is 10. Thus 
the series is $1000, $1060, $1130, etc. 



GEOMETKICAL PROGKESSIOK 

671. In Geometrical Progression, as in Arithmetrical 
Progression, there are five quantities to be considered in the 
solution of Problems ; viz., 

1. The first term ; 

2. The second term ; 
8. The common ratio ; 

4. The number of terms ; 

5. The sum of all the terms. 

Any three of these being known, the other two can be found. 
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Pboblem I. 

672. One of the extremes, the ratio, and the nnmber ot 
terms being given, to find the other extreme. 

Example. The first term of an ascending geometrical series 
is 2, the ratio 3, and the number of times 7 : what is the last 
term? 

SOLUTION. Analysis.— The series begins with 2; the 

8* = 729 second term is 2 x 3 = 6 ; the third term is 

2, 1st term. 6 x 3 = 18 ; and so on to the seventh term, 

' which is found by multiplying by 8 for the 

1458, Ans» itxth time ; that is, 3 is taken as a factor one 
time less than the number of terms. There- 
fore, the last term is, 

2x3x8x8x8x3x8, or 2x8« = 729. 

In a descending series, the ratio is a whole or mixed number taken as a 
divisor, or a proper fraction taken as a multiplier. 

An ascending series can be produced only by a common multiplier which 
la a whole or mixed number, or its equivalent 

Hence, whether the ratio be an integer or a fraction, regarding it 
always as a multiplier of the first and successive terms, we have the fol- 
lowing 

Eule. — ^I. When the first term is given, multiply it by the 
ratio raised to a power one degree less than the number of terms,; 
the product will be the last term. 

11. When the last term is given, divide it by the ratio raised 
to a power one degree less than the number of terms j the quotient 
mil be the first term^ 

Note. — When the ratio of a descending series is given as a whole num- 
ber, it is evident that its reciprocal may be employed, and the first part of 
the rule applied. 

Examples foe Practice. 

1. The first term of a geometrical series is 64, the ratio \, and 
the number of terms 7 : what is the last term ? Ans. 1. 

2. The last term of a geometrical series is 18750, the ratio 5, 
and the number of terms 6 : required the first term. 
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3. What is the lOth term of the series, i, 1^, 4J, 13^, etc. ? 

4. What is the amount of $100, for 10 years, at 6 per cent, per 
annum, compound interest? 

NoTB.— The principal is the fint term, 1.06 the ratio, and 11 the num- 
ber of terms. 

Pboblem n. 
67S. The extremes and ntunber of tenuis being given, 
to find piB ratio. 

From the last rule we deduce the proposition that, if the 
greater extreme be divided by the less, the quotient will be the 
common ratio raised to a power one degree less than the number 
of terms. Hence the 

EuLB. — Divide the greater extreme hy the less, and extract 
that root of the quotient which is indicated by the number of 
terms less 1. 

Examples. 

1. The first term of a geometrical series is 1, and the last 64: 
what is the ratio ? Ans. 2. 

2. Insert two mean proportionals between 7 and 56. 

Note. — Since two mean proportionals are required, the number of terms 
will be 4 

3. The extremes of a series are | and y^, and the number of 
terms 7 : required the ratia 

Peoblem IIL 

671. To find the sum of the terms of a geometrical 

series. 

Example. Find the sum of the series, 1, 3, 9, 27, 81. 

OFE&ATIOK. Analysis.— The sum of the series is equal to 

81 X 3 = 243 ^ times the last term minus the first term, di- 

yided by the ratio less 1. To prove this, let 

348 — l __^2i Jmo the terms of the given series be multiplied by 

2 ' * the ratio 3 : the result will be a new series 8 

times as great as the original one. Now, if 
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firom this derived series we subtract the given series, the remainder will 
be equal to twice the sum of the latter, as shown below : 
8, 9, 27, 81, 243 = 8 times the series. 
1, 8, 9, 27, 81, =1 " « " 

248-1 = 2 « " " 
Bat, 243 is 8 times the last term, 81; and 243 minus 1, the first time, 
equals, by the above demonstration, twice the sum of the series. 



Therefore, 243 — 1 -•• 2 = 121, the sum of the series. Hence the 

BuLE. — Multiply the greater extreme hy the ratiOy and divide 
the difference between this product and the less extreme by the 
difference between 1 and the ratio, - 

Examples for Practice. 

1. The.first term of a descending geometrical series is 800, the 
ratio 2, and the last term 50 : what is the sum of the series ? 

2. A man agreed to labor for ten days upon the following 
terms: — one mill for the first day, one cent for the second, one 
dime for the third, and so on in geometrical progression : what 
Bhould he receive for his ten days' labor ? 

Ans. $1,111,111,111. 

3. What is the sum of a series of 10 terms, of which 40 is the 
first term, 4 the common ratio, and \i\^^ the last term ? 

4. What is the sum of the first ten terms in the series, 4, 1, J, 

Problem IV. 
675. The first term, the ratio, and the number of terms 
being given, to find the sum of the series. 

The product of the last term by the ratio, is the same as the 
product found by multiplying the first term by the ratio raised 
to the power indicated by the number of terms. Hence, from 
Problems I and III, we derive the following 

Rttle. — Eaise the ratio to a power whose index is equal to the 
number of terms, and multiply this power by the first term ; 
from the product subtract the first term, and divide the remaif^ 
der by the ratio less 1. 

Note.— This rule is employed in computing the values orAnnnities. 
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Examples. 

1. The first term of a geometrical series is 5, the ratio 3, and 
the number of terms 6 : what is the sum of the series ? 



floLTTnoK. 8* X 5 — 5 

3_^ — ' = 1820, Ans. 

2. The first term is 4, the ratio 5, and the number of terms 7: 
required the sum of the series. 

3. A man receives an annual income of $1000, and invests it 
at 6 per cent, compound interest: how much will it amount to 
at the end of 5 years ? 

Solution.— The first term (or the last, taking the series as descending). 
Is $1000 ; the common ratio is 1.06, and the number of terms 5. Hence, 

$1000 X 1.06* - $1000 ^,,^,^ ^ 
^ = $5037.10, AnM. 

DESCENDiifG Infinite Series. 

676. Infinite in mathematics, is a term applied to quantities 
which are greater than any assignable quantity. 

An Infinite Descending series of numbers is a series de- 
creasing without limit, or to infinity. In such a series the terms, 
though mathematically never ending, become infinitely snially 
or less than any assignable quantity ; so that, for the purpose of 
finding the sum of the series, may be regarded as the last 
term. Hence, 

To find the sum of an infinite decresBing series, we have 
the following 

Rule. — Multiply the first term hy the ratio, and divide the 
product by the ratio less 1. 

Examples. 

1. What is the sum of the infinite decreasing series, 8, 4, 2, 1, 
J, }, etc. ? Ans. 16. 

2. Find the sum of the series 1, J, -J^, etc., carried to infinity. 

3. What is the sum of the infinite decreasing series, of which 
.25 is the first term, and 100 the ratio ? ^ , 
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ANi^UITIES. 

677. An Annuity is a sum of money payable annually. The 
ti'twi is also applied to payments to be made at any regular in- 
tervals of time ; as, semi-annually, quarterly, monthly, etc. 

678 A Certain Annuity is one payable for a definite length 
of time. 

679. A Contingent Annuity is one whose commence- 
ment, continuance, or termination is uncertain, or depends on 
the occurrence of some contingent event, as the death of an 
individual or individuals. 

680. A Perpetual Annuity is one which continues forever. 

An annuity, whether certain, contingent, or perpetual, may be immediaie 
or in possession^ deferred or reversionary. 

An annuity in possession^ or an Immediate annuity^ is one already entered 
on, or wliich commences at once. 

A Deferred annuity is one whose term begins at some specified future 
time. 

An annuity in reversion is one that reverts, or descends, to one peraon 
on the death of another, or whose term begins on the occurrence of some 
event 

A Contingent annuity, dependent on the life of an individual, is also 
called a Life annuity, 

681. An Annuity Forebome, or in arrears, is one whose 
payments have not been made when due. 

682. The Amount of an Annuity Forebome is the sum 

©rail the payments due, and interest on them severally, from 
the time they become due to the end of the given time. 

683. The Final Value of an Annuity Certain is what it 
would amount to at its termination, if nothing should be paid 
till that time. 

684. The Final Value of a Life Annuity is the sum to 
which it would amount at the end of a term called the "Expec- 
tation of Life" of the individual on whose life it depends.^ t 
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685. The Present Value, or Present Worth of an an- 

nuity, is such a sum as put at interest at the giyen rate^ would, 
in the giyen time, amonnt to its Mnal Value. 

686. The Present Worth of a Perpetual Annuity is a sum 
which will yield an amount of interest equal to annuity. 



TABLE, 

0HOWIKO THB BXFEOTATIOK OF LIFE IN TEARS AND HUNDBEDTHS OF A TBAE, 
ACCORDING TO THB CAELISLE AND WI66LESW0RTH TABLB8 OF 
MORTALITY. 0BB PAOB 226. 



1 


in 


^ H 


< 


11 




i 

48 


jt 


1 § 


< 


P 


I.I 




88.79 


28.15 


24 


88.59 


32.70 


23.80 


23.27 


73 


8.16 


9.14 




44.66 


36.78 


25 


87.86 


82.83 


49 


21.81 


21.72 


78 


7.73 


8.60 




47.55 


88.74 


26 


87.14 


81.93 


60 


21.11 


21.17 


74 


7.33 


8.25 




49.82 


40.01 


27 


86.41 


81.50 


61 


30.39 


20.61 


76 


7.01 


7.88 




B0.7e 


40.73 


28 


86.69 


81.08 


63 


19.68 


20.05 


76 


6.69 


7.40 




51.25 


40.88 


29 


85.00 


80.66 


63 


18.97 


19.49 


77 


6.40 


6.99 




61.17 


40.69 


80 


84.34 


80.25 


64 


18.88 


18.93 


78 


6.12 


6.59 




60.80 


40.47 


81 


83.68 


29.83 


55 


17.58 


18.35 


79 


5.80 


6.21 


8 


60.24 


40.14 


83 


as.03 


29.43 


66 


16.89 


17.78 


80 


5.51 


6.85 


9 


49.6T 


89.73 


83 


83.36 


29.03 


67 


16.21 


17.20 


81 


6.31 


6.50 




48.83 


39.23 


34 


81.68 


28.63 


58 


15.55 


16.63 


82 


4.93 


6.16 




48.04 


88.64 


85 


31.00 


38.23 


59 


14.92 


16.04 


83 


4.65 


4.87 




47.27 


88.02 


86 


80.32 


37.78 


60 


14.84 


15.45 


84 


4.39 


4.66 




46.51 


87.41 


37 


29.64 


37.84 


61 


13.83 


14.86 


85 


4.13 


4.57 




46.76 


86.79 


88 


28.96 


36.91 


62 


13.31 


14.26 


86 


8.90 


4.31 




45.00 


86.17 


89 


38.38 


26.47 


as 


13.81 


13.66 


87 


8.71 


8.90 


1ft 


44.27 


35.76 


40 


27.61 


26.04 


64 


13.30 


13.05 


88 


8.59 


3.67 




43.57 


85 87 


41 


26.97 


25.61 


65 


11.79 


13.48 


89 


8.47 


8.56 




42.87 


34.98 


42 


26.34 


25.19 


66 


11.37 


11.96 


90 


8.28 


8.73 




42.17 


34.69 


48 


25.71 


24.77 


67 


J0.75 


11.48 


91 


8.20 


8.32 


20 


41.46 


84.23 


44 


25.09 


24.35 


68 


10.23 


11.01 


92 


3.87 


3.12 


21 


40.75 


.33.84 


45 


24.46 


23.92 


09 


9.70 


10.50 


93 


8.48 


2.40 


S2 


40.04 


83.46 


46 


23.83 


28.87 


70 


9.18 


10.06 


94 


8.53 


1.98 


28 


89.81 


83.08 


47 


28.17 


22.83 


71 


8.65 


9.60 


95 


8.53 


1.62 



Intebest on Aitnuities. 

687. Interest on annuities is either simple or compound. 
Annuities in arrears are properly chargeable with simple inter- 
est only, like other debts. 

In estimating the Present and Final Values of annuities, the 
interest is generally compounded. 
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Pboblsh L 

688. To find the amotint of an annuity in arrears, at 
simple interest. 

: Example. Required the amount of an annual annuity of 
$500, in arrears for 5 years, at 6 per cent simple interest 

BOLUnOK. 

Sum of the five payments |500x5 = |2500 

Interest of $500 for 4 years ^ 

-= Intof|500forl0years = 800 

Amount, $2800 



Akaltsib.— The first payment becomes due at the end of the first year, 
imd, consequently, draws interest to the date of settlement, or four years. 
The second payment is in arrears three years, and, therefore, is chargeable 
with interest for that time. For the same reason, the third payment draws 
interest tor two years, and the fourth, for one year. But, 4 + 3 + 2 + 1 
years* interest equals 10 years' interest ; and hence, we may find the inter- 
est on $500 for 10 years at once, instead of on each of the payments sep- 
arately. The amount is computed in the same manner as annual intereni. 
Hence the 

SuLE. — Multiply the annuity by the number of payments duey 
and to the product add the interest on the several payments to 
the end of the term ; the sum will be the required amount. 

The Rule for finding the sum of a series in Arithmetical Progression, 
also applies. (See Problem III, page 377, Example 4, note.) 

SOLUTION BT FB0GBBS8I0N. 

$500, First term. 
620, Last term, amount of $500 in 4 years. 

1120, Sum of the extremes. 
5, Number of terms. 

2)5600, Pi-oducL 

12800, Amount of the annuity. 
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Examples pob Pbactice. 

1. What is the amount of an annual rent of 1800, unpaid for 
7 years, at 7 per cent interest? 

2. A gentleman deposits, for the benefit of his son, $200 an- 
nually, for 15 years, in a savings bank, which pays 5 per cent : 
what will the deposits amount to at the end of the fifteenth year ? 

3. Bequired the amount of an annuity of $1500, in arrears for 
7 years, at 1^ simple interest. 

Annuities at Compound IirrEREST. 

C89. An annuity accumulating at compound interest forms a 
geometrical series, of which the first term (considering the series 
as ascending) is ilie first payment; the common ratio is 1 plus 
the rate of interest expressed decimally, and the last term, the 
amount of the first payment for the given time. Hence, prob- 
lems under this head may be solved by the Kules in Geometrical 
Progression, though, on account of the tediousness of the cal- 
culations, Tables are generally employed in practice. 

Problem IL 

6M. To find the amount, or Final Value of an annuity, 
at comxxDund interest for any given time* 

Example, Find the Final Value of an annuity of $1000, 
running 10 years, at 6^ compound interest 

Solution. — The Final Value is the sum of the series found by the rule 
for Problem IV in Geometrical Progression. Hence, 

$1000 X LOe'"* - $1000 =: 131Q0.80, Am. 
.06 

Hence the 

Rule. — Find tM sum of a Geometrical Series, of which the 
first term is the annuity, the ratio the amount of a unit for ons 
interval, and the number of terms the number of payments dus. 

Note. — To save the labor of inyolying the ratio, take the amount of $1 
for 10 years, found in the Compound Interest Table, page 203. This corre- 
Boonds with the 10th power of the ratio. 
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Examples foe Peactice. 

1. What will an annuity of $450 amount to in 8 years, at 4 
per cent, compound interest ? 

2. A widow has a life interest in an estate, amounting to 
11300 annually : what is the final value of her interest, at 6 per 
cent per annum, if her " Expectation of Life" is 15 years ? 

3. If a person should save $100 per annum, and invest it at 
1^ compound interest, what would he be worth in 20 years ? 



Peoblem 111. 

To find the present worth of a certain annuity. 

EuLE. — First find the Amount or Final Value of the annuity 
hy the previous rules ; then divide this amount hy the amount of 
%lfor the given time. 

Notes.— 1. When compound interest is allowed, take the amount of 
$1 for the divisor from the Table, page 203. 

2. The Present Worth of a deferred or reversionary annuity, is a sum 
which,' if put at interest at the present time^ will amount to its Final Value 
at its expiration. 

Examples. 

1. What is the Present Value of an annuity of $600 for 15 
years, allowing 6 per cent, compound interest ? 

Solution.— The Final Value found by Prob. II, is $13966.58 ; and 
$13965.58 -f- 2.396558, the amount of $1 for 15 years = $5287.34, Am. 

2. A widow is entitled to a pension of $96 per annum for life. 
Suppose her " Expectation of Life" to be 20 years, what is the 
present value of the pension, at 6 per cent, compound interest ? 

Ans. $1121.06. 

3. What is the Present Value of an annuity of $3^00, to com- 
mence 5 years hence, and continue 10 years, at 5 per cent, com- 
pound interest? ^ T 
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Solution.— The final value for 10 years = $3773.367. 
Amount of $1 for 15 years = $2.078928. 

$3773.367 -*• 2.078928 = $1815.05, A/u. 

4. What is the preseDt worth of a Perpetual Annuity of $1000 
per annum, at 5 per cent ? 

Solution.— The Present Worth is a sum which will produce $1000 
interest per annum, and hence, by dividing $1000 (the interest) by the 
rate per cent., we obtain the principal, $1000 ■*• .05 = $20,000, Am, 

Annuity Tables. 

692. By the use of Annuity Tables, constructed upon the 
principles of the foregoing rules, the solution of problems is 
rendered very simple, 

The following Table exhibits, the Amount and Present Value 
of an annuity of $1, at various rates of compouud interest, for 
any number of years from 1 to 60 inclusive. Hence, 

693. To find either the Amount or Present "Worth of an 
annuity, we have the following 

EuLE. — Multiply the Amount or Present Value of %lfor the 
given time, as found in the Table, by the given annuity. 

694. To find the Present Value of an annuity deferred 
or in reversion. 

EuLE. — Findyfrom the Table, the Present Worth of an annu- 
ity of $1 until the annuity commences, ayid also until it termi- 
nates. Then multiply the difference of these values by the annuity, 

695. To find the annuity, the time, rate per cent., and 
Amount or Present Worth being given. 

EuLE. — Divide the Amount or Present Worth, by the Amount 
or Present Worth of %lfor the given time. 

Note. — ^When the payments are due semi-annually, quarterly, etc., take 
the number of years in the Table which is equal the number of intervals, 
and find the amount at a rate of interest less than the given ra\e in the 
ratio of one year to one interval. Thus, the amount of $100 for 5 years, at 
9 per cent, per annum, payable semi-annually, is equal to the amount of 
$100 for 10 years, at 8 per cent, per annum, payable annually. . 
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TABLE, 

BHOWIKO THE AMOUNT OS tlKXL TALUS, AND ALSO THE FRBSENT WOBTH OV 
AN ANNUITY OP ONE DOLLAR, TO CONTINUE FOR ANT NUMBER OF TEARS NOT 
EXCEEDING FIFTT, AT 4, 5, 6, AND 7 PER CENT. COMPOUND INTEREST. 



Amount of an Annuity of $1. 


Present Worth of an Annuity of $1. 


1 


4 per cent. 


5 per cent. 


6 per cent. 


7 per cent. 


4 per cent. 


6 per cent. 


6 per cent 


7 per cent. 


1.000 000 


1.000 000 


1.000 000 


1.000 000 


0.961 638 


0.953 881 


0.948 896 


0.984 679 


2 


2.040 000 


2.050 000 


2.060 000 


2.070 000 


1.886 005 


1.859 410 


1.883 893 


1.808 017 


8 


3.121 600 


8.152 500 


3.183 600 


8.214 900 


3.775 091 


2.728 348 


2.673 013 


2.684 814 


4 


4.246 464 


4.810 126 


4.374 616 


4.439 943 


8.629 895 


8.545 951 


8.465 106 


3.887 309 


6 


5.416 838 


6.525 631 


5.687 093 


5.750 789 


4.461 832 


4.339 477 


4.213 864 


4.100 196 


6 


6.632 975 


6.801 918 


6.975 319 


7.163 291 


6.343 187 


5.076 693 


4.917 324 


4.766 687 


7 


7.898 294 


8.142 008 


8.898 838 


8.654 021 


6.003 055 


5.786 873 


6.683 881 


5.389 286 


8 


9.214 226 


9.549 109 


9.897 466 


10.259 803 


6.732 745 


6.468 213 


6.209 744 


5.971 295 


9 


10.582 795 


11.026 564 


11.491 316 


11.977 989 


7.435 882 


7.107 832 


6.801 692 


6.515 338 


10 


12.006 107 


12.577 893 


13.180 795 


13.816 448 


8.110 896 


7.781 785 


7.860 087 


7.033 577 


11 


18.486 361 


14.206 787 


14.971 643 


15.783 699 


a760 477 


8.806 414 


7.886 875 


7.498 669 


12 


15.025 605 


15.917 127 


16.869 941 


17.688 451 


9.885 074 


8.663 353 


8.383 844 


7.943 671 


18 


16.626 838 


17.712 963 


18.882 188 


20.140 643 


9.985 648 


9.393 578 


8.852 683 


8857 635 


14 


18^91 911 


19.598 6£2 


21.015 066 


22.550 488 


10.563 128 


9.898 641 


9.294 964 


a746 462 


15 


20.0-^3 588 


31.578 564 


23.276 970 


25.129 022 


11.118 887 


10.379 658 


9.712 249 


9.107 896 


16 


21.824 531 


23.667 492 


25.670 628 


27.888 054 


11.662 296 


10.837 770 


10.105 896 


9.446 682 


17 


23.697 512 


25.840 366 


26.212 880 


30.840 217 


12.165 669 


11.274 066 


10.477 260 


9.763 206 


18 


25.645 413 


28.132 385 


30.905 653 


33.999 033 


12.659 297 


11.689 567 


10.827 603 


10.059 070 


19 


27.671 229 


30.539 004 


8:^.759 992 


87.378 965 


13.133 939 


12.085 821 


11.158 116 


10.835 W8 


20 


29.778 079 


33.065 954 


36.785 591 


40.995 492 


13.690 326 


12.463 210 


11.469 421 


10.593 997 


21 


81.969 202 


85.719 252 


39.992 727 


44865 177 


14.029 160 


12.881 168 


11.764 077 


10.836 687 


22 


34.247 970 


38.505 214 


43.392 290 


49.006 789 


14.451 115 


13.163 003 


12.041 682 


11.061 241 


28 


36.617 889 


41.4:« 475 


46.995 828 


5:3.436 141 


14.666 842 


13.486 574 


12.303 379 


11.272 187 


24 


39.062 604 


44.501 999 


60.815 577 


56.176 671 


15.246 963 


13.798 642 


12.550 .358 


11;469 334 


26 


41.645 908 


47.727 099 


54.864 512 


63.249 030 


15.623 060 


14.093 945 


12.763 356 


11.663 663 


26 


44.311 745 


61.113 454 


59.166 388 


66.676 470 


15.982 769 


14.275 185 


13.003 166 


11.825 779 


27 


47.084 214 


54.669 126 


63.705 766 


74.483 823 


16.329 566 


14.643 034 


13.210 534 


11.986 709 


28 


49.967 683 


58.402 583 


68.528 112 


80.697 691 


16.668 068 


14.898 127 


13.406 164 


12.137 111 


29 


52.966 286 


62.322 712 


73.639 798 


87.346 529 


16.9H8 715 


16.141 074 


13.690 721 


12.277 674 


80 


66.084 9:38 


66.4.38 846 


79.058 186 


94.460 786 


17.292 033 


15.872 451 


13.764 831 


12.409 041 


81 


69.326 3.S5 


70.760 790 


84.801 677 


lOi.073 041 


17.688 494 


15.592 811 


18.929 086 


12.631 814 


82 


62.701 469 


76.298 829 


90.889 nS 


110.218 154 


17.873 552 


15.802 677 


14.084 043 


12.646 SR6 


88 


66.209 527 


80.068 771 


97.343 165 


118.933 425 


18.147 646 


16.002 549 


14.230 230 


12.753 790 


84 


69.657 909 


85.066 959 


104.183 755 


128.258 765 


18411 198 


16.192 804 


14.368 141 


18.854 009 


85 


73.652 225 


90.320 307 


111.434 780 


138.236 878 


18.664 613 


16.374 194 


14.498 246 


12.947 672 


86 


77.598 314 


95.836 323 


119.120 867 


148913 460 


18908 282 


16.546 852 


14.620 987 


13.085 206 


87 


81.702 246 


101.628 139 


127.268 119 


160.3.37 400 


19.142 679 


16.711 287 


14.786 780 


13.117 017 


38 


85.970 336 


107.709 546 


135.904 206 


172.561 020 


19.367 864 


16.867 898 


15.846 019 


13.193 473 


80 


90.409 150 


114.095 023 


145.U58 458 


185.640 392 


19.584 485 


17.017 041 


14.949 076 


13.264 928 


40 


95.025 516 


120.799 774 


154.761 966 


199.635 112 


19.792 774 


17.159 086 


16.046 297 


13.331 709 


41 


99 806 536 


127.839 763 


165.047 684 


214.609 670 


19.993 052 


17.294 868 


16.188 016 


13.394 120 


42 


104.819 698 


135.231 751 


175.950 645 


230.632 240 


20.186 627 


17.423 208 


15.224 543 


13.450 449 


48 


110.012 S82 


142.993 339 


187.607 577 


247.776 496 


20.370 795 


17.645 912 


15.306 173 


I3.6rjr, 963 


44 


115.412 877 


151.143 006 


199.758 032 


266.120 851 


20.548 841 


17.662 773 


15.383 182 


13.657 908 


45 


121.02^ 392 


159.700 156 


212.743 514 


265.749 811 


20.720 040 


17.774 070 


15.465 883 


18.605 622 


46 


126.870 668 


168.685 164 


226.506 126 


806.761 763 


20 684 664 


17.6P0 067 


15.534 870 


13.650 020 


47 


182.945 390 178.119 422 


241.096 612 


329.224 886 


21.042 936 


17.981 016 


15.589 028 


13.691 606 


48 


139.263 2U6 188.025 393 


256.564 629 


353.270 098 


21.195 131 


16.077 158 


15.650 02713.730 474 


49 


145.833 734 198.426 6(;3 


272.958 401 


878.999 000 


21.841 472 


18.168 723 


15.707 572 13.766 799 


50 


152.667 084 


209.347 976 


290.835 905 


406.528 929 


31.462 186 


18.256 926 


15.761 861113.800 746 


' 






' 
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Examples. 



1. What will an annuity of 1700 amonnt to in 15 years, at 5 
per cent, componnd interest ? 

2. What is the present worth of an annuity of $150 for 20 
years, at 7 per cent, compound interest ? 

3. A will he entitled, after 3 years, to the rent of certain 
premises .which are leased for 10 years from the present time, at 
$1000 per annum : what is his interest worth now, at 6 per cent, 
compound interest ? 

BOLunoK. $7.360087, Present worth of $1 for 10 years. 
2.678012 " " " *• 8 *• 



$4.687069 " " '* " 7yrs.,def. 8yr8 

1000 



$4687.060, Present worth of the annuity. 
The present value of $1000 for 7 years, to commence in 3 years, is equal 
to ita present worth for 10 years, less its present worth for 3 years. To 
proye this, find the final value of $1000 for 7 years, and divide it by the 
amount of $1 for 10 years. 

4. A gentleman wishes to invest annually, for the benefit of 
his son, a sum of money suflScient to amount to $27000 at the 
end of 10 years : what must he invest every year, allowing 6 per 
cent, compound interest? Ans. $2048.43. 

6. On the death of A, who is 55 years of age, B will be enti- 
tled to a legacy of $8000 : what is its present value, at 6 per 
cent, compound interest? A7is, $2873.376. 

6. Suppose is entitled in perpetuity to the interest of $1000 
at 3 per cent, payable annually, what is the value of the annu- 
ity, reckoning interest at 6 per cent,? Ans, $5000. 

NEW YOEK EULE, 

For computing the value of life estates and annuities. 

696. In New York, the following method of estimating the 
value of life estates is prescribed by the 84th rule of the Su- 
preme Court, which is as follows : — 
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Rule 84.- 
tained. 



'Gross sum, inpayment of life estates, how ascer* 



Whenever a party, as a tenant for life, or by tiie courtesy, or in dower, 
is entitled to the annual interest or income of any sum paid into court and 
inyested in permanent securities, such party shall be charged with the 
expense of investing such sum, and of receiving and paying over the 
interest or income thereof; but if such party is willing and consents to 
accept a gross sum in lieu of such annual interest or income for life, the 
same shall be estimated according to the then value of an annuity at six 
per cent on the principal sum, during the probable life of such person 
according to the Portsmouth or Northampton Tables. 



ANNUITY TABLE. 

697. A TABLB corresponding with the Northampton Tables, referred 
to in the above rule, showing the value of an annuity of one dollar, at six 
per cent, on a single life, at any age from one year to ninety-four, inclusive. 





No. of 




No. of 




No. of 




No. of 


Age. 


gears' pur- 
chase the 


Age. 


years' pur- 
chase the 


Age. 


years' pur- 
chase the 


Age. 


years' pur- 
chase the 




annuity is 
worth. 




annuity is 
worth. 




annuity is 
worth. 




annuity is 
worth. 










1 


10.107 


25 


12.063 


49 


9.663 


73 


4.781 


2 


11.724 


26 


11.992 


50 


9.417 


74 


4.565 


3 


12.348 


27 


11.917 


51 


9.273 


75 


4.354 


4 


12.769 


28 


11.841 


52 


9.129 


76 


4.164 


5 


12.962 


29 


11.768 


53 


9.980 


77 


3.952 


6 


13.166 


30 


11.682 


54 


8.827 


78 


3.742 


7 


13.275 


31 


11.598 


55 


8.670 


79 


8.514 


8 


13.337 


32 


11.512 


56 


8.509 


80 


3.281 


9 


13.385 


33 


11.423 


67 


8.343 


81 


3.156 


10 


13.285 


34 


11.331 


58 


8.173 


82 


2.926 


11 


13.212 


35 


11.236 


59 


7.999 


83 


2.713 


13 


13.130 


36 


11.137 


«0 


7.820 


84 


2.651 


13 


13.044 


87 


11.035 


61 


7.637 


85 


2.402 


14 


12.953 


38 


10.929 


62 


7.449 


86 


2.266 


15 


12.857 


39 


10.819 


63 


7.253 


87 


2.138 


16 


12.755 


40 


10.705 


64 


7.052 


88 


2.031 


17 


12.655 


41 


10 589 


65 


6.841 


89 


1.882 


18 


12.562 


42 


10.473 


66 


6.625 


90 


1.689 


19 


12.477 


43 


10.356 


67 


6.405 


91 


1.422 


20 


12.398 


44 


10.235 


68 


6.179 


92 


1.186 


21 


12.329 


45 


10.110 


69 


6.949 


93 


0.806 


22 


12.265 


46 


9.90 


70 


5.716 


94 


0.518 


23 


12.200 


47 


9.846 


71 


6.479 






24 


12.132 


48 


9.707 


72 


5.241 







Rule.— C7<rfw^fe the irUeresi at six per cent, for one year^ upon the mm 
to the income of which the person ia entitled, MuUiply this ii^reH 6y the 
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nuMonher pf yeari pwrehoM mt appodte iha p$r9(nC% o/gtinikt TaNe^ and tks 
product w thsffroa talus cf the Ufle utaie oftuehpenan in Mid sum. 

Examples. 

1. Suppose a widow's age is 37> and she is entitled to dower in 
real estate worth $350.75, what is the gross present yalue of her 
right of dower ? 

aoLimoK. iof|d50.75 is $116.91}. 

Interest on $116.91 for 1 year, $7.01. . 
The number of years' purchase which an annuity of $1 is worth at the 
age of 87, is 11.085, and $7.01 x 11.085 = $77.85 -\-,AnM. 

2. Suppose a man whose age is 50, is tenant by the courtesy 
in the whole of an estate worth $9000, what is the gross value 
of his life estate in the premises ? Ans. $5085.18. 

Note. — ^The values in this Table are calculated on the supposition that 
the annuities are payable yearly ; if payable half-yearly, one fifth of a year's 
purchase should be added to those values. 



MENSTJEATION^. 

698. Mensuration is that branch of applied geometry 
which treats of finding the lengths of lines^ the areas of sur- 
faoes^ or volumes of solids^ from certain simple data of lines 
and angles. 

GEOMETRICAL DEFINITIONS. 

699. A Point is that which has position, but no magnitude. 

Extension has three dimensions; Lengthy Breadth^ and 
Tliickness. 

A liine has only one dimension ; Length, 

A Surface has two dimensions only ; Length and Breadth. 

A Solid or Body has three dimensions ; Lengthy BreeuUA 
and Thichnesg. Its bounds are plane or curved surfaces. 
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ANGLES. 

700. An Angle is the inclination^ or opening, 
straight lines meeting in a common point ; as 
A, B, 0. The two straight lines are called sides 
of the angle, and the common point the vertex. B 

When one straight line meets another so that the two adjacent angles 
formed are equal to each other, both are called 
Bight Angles^ and the lines are said to be perpendicu- 
lar to each other. Thus, ABC and A B D are 
right angles ; A B is the perpendicular to C D, and 
C B and B D are perpendicular to A B. 



An Angle less than a right angle is called an Acute 
Angle; as, A BO. 



An Angle greater than a right angle is called an ^ 
Obtiise Angle; as, A B C. 

All other angles are called ObUqys Angles, 

PLANE AEEAS. 

701. A Plane Figure is a limited portion of a plane, and 
is terminated on all sides by lines, either straight or curved. 

When the boundary lines are straight, tlie space they inclose is called a 
BecUUnear Figure, or Polygon. 

A Polygon having only three sides is called a Triangle ; one having four 
sides, a QuadrUatercU ; one of five sides, a JPientagon ; one of six sides, a 
Sexagon; one of seven sides, a Heptagon ^ one of eight sides, an Octagon; 
one of nine sides, a Nonagon ; one of ten sides, a Decagon, etc. 

702. A Right-angled Triangle is a triangle which has 
one right angle. The side opposite the right-angle 
is called the Hypothenuse, and the other two sides 
the Legs. Thus A B is a right- angled triangle ; 
A B is the hypothenuse, and A and B are the 
legs. 





17* 
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An Equilateral Triangle is a triangle 
baying three equal sides ; as, Figure A. 



An Isosceles Triangle is a triangle which has 
only two equal sides; as, Figure B. 



A Scalene Triangle is a triangle haying all its sides unequaL 

A Triangle haying one obtuse angle is called an Obttue-angled Trian- 
gle; one which has all its angles acute, an Acute^ngled Triangle. 

703. A Parallelogram is a quadrilateral which has its op- 
posite sides parallel; as, Figures C, D, E, F. 



A Rectangle is any parallelogram whose 
angles are right angles ; as, Figures C, D. 



A Square is a rectangle whose sides are equal; 
as. Figure D. 



A Rhomboid is a parallelogi*ani whose 
angles are not right angles; as, Figure E. 



A Rhombus is a Bhomboid whose sides are 
equal ; as, Figure F. 



A Trapezoid is a quadrilateral which 
has only two of its sides parallel; as, Fig- 
ure G. 



H 




A Trapezium is a quadrilateral which 
has no two of its sides parallel ; as, Figure H. 
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An Eqiiilat«ral Polygon has all its sides equal. An EquiangulaT 
Polygon has all its angles equal. A SegtUar Polygon has equal sides and 
equal angles. 

A Diagonal is a straight line joining the vertices of two angles of a 
polygon which are not adjacent ^ 

The Base of any plane figure is the side upon which it is supposed to 
stand. In a triangle the base lies opposite the angular point chosen as the 
Tertex. The base of a conic or cylindrical surface is the intersection of 
the surface by a plane. 

The Altitude of a triangle is the perpendicular distance from the base 
to the vertex of the opposite angle. 




The Altitude of a parallelogram, or trapezoid, is the perpendicular dis- 
tance between its parallel bases. 



704. A Circle is a plane .figure bounded 
by a curved line called the circumference, 
which is everywhere equidistant from a point 
within called the centre; as, A B C D. 



The Radios of a circle is a right line drawn from the centre to the cir- 
cumference; as, AE. The Diameter is a right line passing through the 
centre and terminated both ways by the circumference ; as, A C. 

705. An Ellipse is an oblong cur- 
vilinear plane figure, which corre- 
sponds to an oblique projection of a 
circle, or a section of a cone cut by a 
plane which passes obliquely through 
its two slant sides ; as, A B C D. 

It has two fixed points (/,/,) called the foci, from which to every point 
of the circumference the mm of the distances is the same, and is equal to 
the transverse diameter. 

The Tranwerae Diameter^ or axis, is a line passing through the focL A 
line perpendicular to this, passing through the centre, is the OoTyugate 
JXameter or Axis. ^ t 
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SOLIDS. 

70& A Frisni is a solid whose ends 
are two eqnal, parallel, and similar plane 
figures, and its sides parallelograms ; bh. 
Figures A, B. 

A prism is called a triangular prism when 
its ends are triangles ; a square prism, when its 
ends are square, etc. 

A Cube is a square prism having six sides which are all 
squares. 




J — 



B 



=71 •'' 

J SIX ] 

/^ whi( 



Farallelopipedon is a solid haying 
rectangular sides, every opposite two of 
which are equal and parallel; as, Figure C. 







A Pyramid is a solid whose sides are all trian- 
gles, meeting at a common point called the vertex^ 
and whose hase is a polygon ; as. Figure D 



A Cylinder is a solid described by the revolu- 
tion of a rectangle about one of its sides as an axis. 
It as also been defined as a round prism; as. 
Figure E. 

A Cone is a solid described by the revolution of 
a right-angled triangle about one of its legs as an 
axis. It is also defined as a solid which has a cir- 
cular base, and tapers regularly to a point called the 
vertex ; as, Figure F. 

A Frustum of a cone or pyramid is the part that 
remains after cutting off the top by a plane parallel 
to the plane of its base ; as. Figure 6. ^ 
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A Sphere is a solid bounded by one continued 
surface, every point of which is equally distant 
from a point within called the centre; as, Fig- 
ure H, 

The Altitude of a prism, cube, or parallelopipedon, is the perpendicular 
distance betw^een its bases. 

The AUitada of a pyramid or cone is the perpendicular distance from 
the vertex to the plane of the base. 

The AxU of a solid is a line passing from its extremities through the 
central point The axis of a sphere is a line passing through the centre, 
and terminating in two opposite points of its surface. 



MENSUEATION OF SUEFACES. 

707. Mensuration of Surfaces is the process of determin- 
ing their areas. 

The Area of a plane figure is its quantity of surface, ex- 
pressed in square measure. 

The Unit of Measure is a square whose side is some 
known length ; as, an inch, a foot, etc. 

Problem L 

708. To find the area of any parallelogram, whether it 
be a Bectangle, Square, Hhomboid, or Rhombus. 

Bulb. — Multiply the base hy the altitude. 

Examples. 

1. Eequired the area of a square whose side is 8 feet 

Ans. 64 sq. feet. 

2. How many square yards are there in the floor of a room 
20 feet long, and 15 feet wide ? Ans. 33|. 

3. The base of a rhombus is 7 feet, and its perpendicular 
height 5 feet : required the area. ^ Ans, 3^hw. f^t 
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Pbobleh n. 

7W. To find the axea of a triangle when the base and 
altitude are given. 

Rule. — Take one half the product of the hose and altitude. 

Examples. 

1. What is the area of a triangle whose altitude is 14 feet^ and 
base 27 feet? Ans. 189 sq. fL 

2. Find the area of a triangle whose base is 13 inches^ and 
altitude 10 inches. 

3. What is the acrea of a triangle whose base is 42 rods, and 
altitude 28 rods ? 

4. What is the area of a field in the form of a right-angled 
triangle, of which the base is 27.5 chains, and the perpendicular 
18.25 chains? 

Problem III. 

710. To find the area of a triangle when three sides 
are given. 

EuLE. — From half the sum of the three sides subtract each 
side separately. Then multiply the half sum and the three 
remainders continually together, and the square root of the prod- 
uct will he the area. 

Examples. 

1. Required the area of a triangle whose three sides are, 
respectively, 24, 36, and 40 feet. Ans. 426.62 + sq. ft 

2. Find the area of a triangle whose three sides are, respect- 
ively, 8, 10, and 13 feet. 

3. What is the area of a field in the form of an equilateral 
triangle, each side being 75 rods ? 

Note.— The area of an equilateral triangle is equal to the square of the 
side multiplied by .483013. 
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Problem IV. 

711. Any two sides of a right-angled triangle 
given, to find the third side. 

Theorem. — The square described 
on the hypothenuse of a right-angled 
triangle is equal to the sum of the 
squares described on the other two 



being 




Corollary. — The square of either 
side about the right angle is equal to 
the square of the hy^pothenuse dimin- 
ished hy the square of the other side. 



From this theorem, which is demonstrated by geometry, and 
illustrated by figure A, the following rules are derived : — 

I. To find the hypothenuse : 

Rule. — Extract the square root of the sum of the square of 
the base and the square of the perpendicular. 

n. To find the base or perpendicular: 

Rule. — Extract the square root of the difference between 
the square of the hypothenuse and square of the given side. 

Note. — The square of the Difference may be found by the following 
sunple rule ; MvXUply the sum of the given sides by their difference ; or, mul- 
tiply the smaller of the two numbers by twice their difference, and add the 
square of tJieir difference. 

Examples. 

1. The base of a right-angled triangle is 24 feet, and the per- 
pendicular 18 feet : what is the hypothenuse ? Ans. 30 feet. 

2. The hypothenuse of a right-angled triangle is 41 rods, 
and its base 9 rods : what is the perpendicular ? 

* Ans. 40 rods. 

3. There is a park 80 rods square : what is the distance from 
the centre to one of the four corners ? Ans. 56.57Lr- rodjS. 
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4. The height of St Paul's Cathedral, London, is 386 feet: 
what is the length of a rope which reaches from the top of the 
cross to a point on the ground 300 feet distant from the centre 
of the circular pavement under the dome ? 

5. A tower 80 feet high stands on a hill near a lake. The 
perpendicular distance from the tower to the edg« of the water 
is 240 feet; and, from the same point, at the water's edge, to 
the top of the tower, 280 feet: required the height of the hill. 

6. The top of a flag-pole, broken off by a blast of wind, struck 
the ground at a point 12 feet distant from the foot of the pole. 
The part broken off was 20 feet long: what was the length of 
the pole ? Ans. 36 feet 

Peoblbm V. 

712. To find the area of a trapezoid. * 

BuLE. — Multiply the sum of the parallel sides ly the altitude^ 
and take half the product. 

Examples. 

1. Bequired the area of the trapezoid 
A B G D, whose parallel sides A B and 
D are 15, and 20 feet, and the perpen- 
dicular, A E, 10 feet. Ans. 175 sq. ft. 

2. What is the area of a plat of ground whose parallel sides 
are 20 and 40 rods, and the perpendicular distance between them, 
75 rods? 

3. Bequired the superficial contents of a board 18 feet long, 
9 inches wide at one end, and 15 inches wide at the other. 

Problem VI. 

713. To find the area of a trapezium. 

BuLE. — Multiply the diagonal by the sum of the two perpett^ 
diculars falling upon it from opposite angles ; half the product 
foill be the area. 





A 


B 


/ \ 


c 


E 
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Examples. 

1. What is the area of the trapezium 
A B Dy whose diagonal A G is 25 
feet, the perpendicular, B E, 7 feet, and 
the perpendicular, F D, 10 feet? 

Am. 212J sq. ft. 



2. How many acres are there in a piece of land in the form 
of a trapezium whose diagonal is 35.5 chains, and the two per- 
pendiculars fiEilling on it from opposite angles, 9 and 12.5 chains, 
respectively ? 

3. What is the area of a trapezium whose diagonal is 10 feet 
3 inches, and the perpendiculars, 3 feet 4 inches, and 4 feet 6 
inches? 

Notes. — 1. The area of a re^lar polygon is equal to half the product of 
the perimeter, or sum of all its sides, by the perpendicular falling from, its 
centre upon one of thie sides. 

2. The perimeters of all similar figures are proportional to any homolo 
gous lines, and their areas are as the squares of those lines. 




THE CIRCLE. 

714. The ratio of the diameter of a circle to 
its circumference, is, very nearly, as 1 to 3.1416. „ 

Note. — The ratio cannot be exactly expressed in 
figures. The decimal has been extended to two hun- 
dred and fifty places, twenty of which are contained in 
the following number,— 3.14159265358979323846. The above is, however, 
suflSciently accurate for practical purposes. 

The area of a circle is equal to the circumference multiplied 
by one half the radius; or, the square of the radius multiplied 
by 3.1416. 

The circumferences of circles are as their radii or diameters; 
and the areas as the squares of their radii or diameters. 
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Pbobleh L 

715. To find the oircmnferenoe of a circle when the 
diameter is given. 

Bulb. — Multiply the diameter by 3.1416. 

Examples. 

1. What is the circumference of a circle whose diameter is 8 
inches P Ans. 2 ft 1.1328 in. 

2. Beqnired the circnmference of a circle, the diameter of 
which is 15 feet 

3. What is the circnmference of a circle whose diameter is 5 
rods 10 feet? 

Peoblem XL 

716. To find the diameter of a circle when the circum- 
ference is given. 

EuLE. — Divide the circumference by 3.1416. 

Examples. 

1. What is the diameter of a circle whose circnmference is 20 
feet? Ans. 6.3661 + feet 

2. Find the diameter of a circle of which the circumference is 
2 feet 42744 inches. 

3. What is the radius of a circle whose circnmference is 
125.664 feet? 

Pboblem IIL 

717. To find the area of a circle. 

EuLB. — I. When both diameter and circumference are giyen* 
— Multiply the circumference by one fourth of the diameter. * 

n. When the diameter is given : — Multiply the square of the 
diameter by .7854. 

IIL When the circumference is given : — Multiply the square 
of the circumference by .07958. 
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Note.— The decimal .78^54 is i of 3.1416, which is the area of a circlo 
whose cu-cumference is i ; and .07068 — is i of 1 -j- 3.1416; that is, i of 
the diameter of a circle whose circumference is 1. 

Examples. 

1. What is the area of a circle of which the circumference is 
15.708 feet, and the diameter 5 feet ? 

2. The diameter of a circle is 2^ feet : what is its area ? 

3. The distance around a circular park is one mile : required 
the area of that park. 

4. A circle 10 feet in diameter is circumscribed by another 
circle 15 feet in diameter : what is the area of the space in- 
cluded between the circumferences ? 

5. What is the length of an arc of 75° on the circumference 
of a circle whose radius is 6 feet? 

Problem IV. 

718. To find the diameter or circTunference of a circle 
from the area. 

EuLB. — I. Divide the area iy .7854, and the square root of the 
quotient will be the diameter, 

II. Divide the area by .07958, and the square root of the quo- 
tient will be the circumference. 

Examples. 

1. The area of a circle is 19.635 feet: what is its diameter? 

Ans. 5 feet 

2. Eequired the circumference of a plat of ground containing 
one acre. 

3. The diameter of a circle is 36 feet: required the diameter 
of a circle whose area is 4 times as great. 

4. The area of a circle is 490.875 square inches : required the 
diameter and circumference. 

6. The area of a circle is 706.86 inches : what is the diameter 
of a circle one third as large ? 
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Pboblem V. 

719. To find the side of a square equal in area to a 
given circle. 

BuLE. — Multiply the diameter of the circle ly .8862, or the 
circumference by .2821. 

Note.— The decimal .8862, or, approximately, the square root of .7854, 
18 the side of a square equiyalent in area to a circle whose diameter is 1 ; 
and .2821 is the square root of .07958 + , or the side of a squai:p equal in 
area to a circle whose cu*cumference is 1. 

Examples. 

1. If the diameter of a circle be 90 feet, what is the side of a 
square of equal area ? 

2. A circular field is 150 rods in circumference : what is the 
side of a square field of the same area ? 

3. A has a circular garden, and B a square one ; the distance 
around each is 16 rods : which contains the most land, and how 
much? 

Problem VI. 

720. To find the side of a square inscribed in a given 
circle. 

Rule. — Extract the square root of one half the square of the 
diameter ; or^ divide the diameter iy 1.4142. 

NoTB. — A square is said to be inscribed in a circle when the vertices of 
its angles are in the circumference. It may be con- 
ceived, as shown in the annexed figure, to be com- 
posed of two right-angled triangles, having the di- 
ameter of the circle as a common hypothenuse, 
and the sides of the square as their bases and per 
pendiculars, which are, of course, equal. Now, 
according to the Theorem, Problem IV, page 399, 
^ AC« = AB« + BC«. But, AB« = BC»; hence, 

A C /a q« 

— g- = AB*. Therefore, y — -- = AB. This also explains the second 

rule : 1.4142 is, approximately, the square root of 2. 

The same result is obtained by multiplying the diameter by .707106, 
which is the side of an inscribed square, when tlie diameter of the circle 
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THE ELLIPSE. 

Problem L 

721. To find the area of an ellipse. 

BuLE. — Multiply the product of the two diameters by .7854. 

Examples. 

1. Bequired the area of an ellipse of which the diameters are 
6 and 8 feet. 

2. What is the area of an ellipse of which the transverse diame- 
ter is 12 feet, and the conjugate diameter 16 feet? 

Problem IL 

722. To fLnd the circumference of an ellipse from its two 
diameters. 

Rule. — Multiply the sum of the two diameters ly 1.5708. 

Examples. 

1. What is the circumference of an ellipse whose diameters 
are 32 and 25 inches? 

2. Required the circumference of an ellipse, the conjugate 
axis of which is 20 feet, and the transverse axis 24 feet 

MENSURATION OF SOLIDS. 

723. A Solid, or Voluine, is a magnitude which has length, 
breadth, and thickness. 

Mensuration of Solids is the process of determining their 
surfaces and contents. 

The Contents of a solid body or volume, is its bulk or 
capacity, expressed in cubic measure. 

The Unit of Measure is a cube whose side is some known 
length ; as an inch, a foot, etc 

The Surface of a solid bounded by plane figures, is the area 
of its several sides, or faces. Its Linear Measure is the length 
and breadth of those sides. ^ 
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The Surface of a Sphere is the area of its curved boundary. 
The linear dimensions are its diameter and oircumfisrence. 

The Convex Surface of a solid is that part of a surface 
which is formed by curved lines. 

Pboblbm I. 
721. To find the contents of a cube or paiallelopipedon. 
BuLE. — Multiply together the lengthy breadth^ and thickness. 

Examples. 

1. How many solid feet are there in a cubic block, of which 
the side is 9 feet ? Am. 729 feet 

2. Kequired the contents of a block of mar- 
ble 8 feet long, 3 feet wide, and 2 feet thick. 

3. How many cords of wood are there in 
a pile 27 feet long, 4 feet wide, and 4 feet 
high ? 

1 yard. 

Problem II. 
725. To find the snrface of a prism : 
Rule. — Multiply the perimeter of the lose by the altitude^ and 
to this product add the area of the two ends. 

Examples. 

1. Required the surface of a square prism whose base is 5 feet 
square, and its length 10 feet. Ans. 250 sq. ft. 

2. What is the surface of a cube whose edge 
IS 30 inches ? 



^iz^^ 




* 


/ 






/ 






y 



3. Find the surface of a triangular prism, 
the three sides of whose base are, respectively, 3, 4, and 5 feet, 
and the height 12 feet 6 inches. 

Problem III. 
726. To find the contents of a right prism : 
HtHjE,— Multiply the area of the base by the altitude, t 
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Examples. 

1. Required the contents of a triangular prism, of which each 
bide is 30 inches wide and 4 feet long. 

2. Find the solidity of a cube whose edge is 6 feet 4 inches. 

3. Find the contents of a prism 2 inches square, and 3|- feet 
long. 

THE CYLINDEE, 

727. The surface and contents of a cylinder are 
found by the same rules as those given for the prism. 

To find the convex snrftice of a cylinder. 

Bulb. — Multiply the hose by the altitude. 

If the entire surface be required, add the areas of the two ends. 

To find the contents of a cylinder. 

Bulk — Multiply the area of the hose by the altitude. 

Examples. 

1. What is the convex surface of a cylinder 3 feet long, and 
\\ feet in diameter ? What is its entire surface ? 

2. Required the contents of a cylinder whose length is 15 feet, 
and its diameter 4 feet. 

3. What are the contents of a log 18 feet long, and averaging 
1 foot in diameter? 

4. The United States bushel is the capacity of a cylinder 18J 
inches in diameter, and 8 inches deep: how many cubic inches 
does it contain ? 

THE PYRAMID AND CONE. 
Problem I. 

728. To' find the stir&ce and contents of a P3nramid or 
cone. 

Rule.— I. Multiply the perimeter, or the circumfermce of the 
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boM, by half the slant heighty and the product will be the slant or 
convex surface. 

If the whole surface be required, add the area of the base. 

II. Multiply the area of the base by one third of the altitude, 
and the product wiU be the contents. 

Examples. 

1. What is the slant surface of a pyramid whose slant height 
is 75 feet, and the base 35 feet square ? 

2. Find the contents of a triangular ipyramid whose sides at 
the base are 10, 12, and 15 feet, and the altitude 40 feet 

3. Required the convex surface of a cone, the diameter of the 
base being 7 feet, and the altitude 12 feet 

4. Find the surface and contents of a cone whose slant height 
is 20 feet, and the diameter of the base 8 feet 

Ans. Surface, 251.328 + sq. ft 
Contents, 328.33 + cu. ft 



THE FRUSTUM OF A PYRAMID AND CONE. 

729. To find the sur&ce of a frustum of a pyra- 
mid, or cone. 

Rule. — Find the sum of the perimeters, or circum- 
^ferences of the two ends, and multiply it by half the 
slant height. This product will be the slant, or convex surface. 
To find the entire surface, add the areas of the two ends. 

Examples. 

1. Find the slant surface of the frustum of a square pyramid 
whose slant height is 20 feet, the side of the base 9 feet, and of 
the top, 7 feet 

2. There is a frustum of a cone whose slant height is 15 feet, 
the circumference of the base 20 feet, and of the upper end, 24 
feet : what is its entire surface ? 
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Problem II. 

730. To find the contents of a frasttun of a pyramid, or 
cone. 

BuLE. — To the sum of the areas of the two ends add the square 
root of their product, and multiply this sum iy one third of the 
altitude. 

For the frustum of a cone, the following is a simpler rule : 

Rule. — To the sum of the squares of the radii of the two ends 
add their product, and multiply this sum by 3.1416, and again 
by one third of the altitude. 

Examples. 

1. Keqmred the contents of the frustum of a square pyranrid, 
the side of the greater end being 8 feet, that of the less 4 feet, 
and the altitude 20 feet. 

2. Find the contents of a stick of round timber 36 feet long, 
18 inches in diameter at the smaller end, and 24 inches at the 
larger end. • Ans, 87.1792 cu. ft. 

3. What are the contents of a log 18 feet long, 12 inches in 
diameter at the larger end, and 6 inches at the smaller end? 

THE SPHERK 
Problem L 

731. To find the sur&ce of a sphere. 

Rule. — Multiply the diameter by the circumference; or, the 
square of the radius by 4 and 3.1416. 

Examples. 

' 1. What is the surface of a sphere whose diameter is 18 inches ? 

2. How many square miles are there on the surface of the 
earth, the diameter being about 7912 miles ? 

Ans. 19666355.7504 m. miles. 
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NoTB. — The BOiihce of a zone may be found by moltiplTing its height 
by the whole circumference of the sphere. 



Pbobleh IL 
7S2. To find the solidity or volume of a sphere. 

BuLE. — Multiply the surface hy \of the diameter, or ^ of the 
cube of the diameter by 3.1416. 

The solidities of spheres are to each other as the cubes of their 
radii or diameters. 

Examples. 

1. What is the solidity of a sphere whose diameter is 18 inches ? 

2. The diameter of a globe is 2 feet 6 inches: what is its 
volume or solidity ? 

3. If the diameter of the earth be 7912 miles, how many cubic 
miles does it contain ? 

4. Eequired the diameter of a globe which contains 6 times 
as many cubic inches as a globe 6 inches in diameter. 

Note.— -The volumes of all similar soUds are to each other as the cubes 
of their like dimensions. 

MlSCELLAK^EOUS EXAMPLES. 

1. A board, in the form of an isosceles triangle, is 14 feet 
long, and 2 feet wide at one end. What must be the length of 
a piece, to be cut from the wide end, which will contain 6 square 
feet? 

2. What is the area of the space included between two con- 
centric circles, one of which is 12 inches, and the other 8 
inches in diameter ? 

3. The diagonal of a rectangle is 20 feet long, and its base 16 
feet : what is its area ? 

4. Find the area of a parallelogram, and also of a triangle, 
whose base is 9^ feet, and altitude 12 feet. 

5. Find the solidity of a prism, of which the area of the 
base is 48 sq^uare inches, and the altitude 24 inches. 
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MEASUREMENT OF LUMBEE. 

733. The following practical methods of calculating the con- 
tents of lumber are generally employed by lumber dealers. 

Case L 

734. To find the £nix)erficial contents of a board one 
inch thick. 

Example. How many square feet are there in a board 12 feet 
long, and 9 inches wide ? 

12 X ^ _ Q . Ahaltsm.— The contents equal the length in 

J2 ~ ^ ATiS, fggi; multiplied by the breadth in inches and 
divided by 12 ; or, since 9 inches equal } of a 
foot, 12 X } = 9. 

It will be observed that, in any case, if one of the dimensions be given 
in feet, and the other in inches, their product must always be divided by 
12. Therefore, 12 may be cancelled from either factor, before multiplying. 
Hence, we have the following 

Rule. — When the length is given in feet, and the breadth in 
inches, divide either dimension by 12, and multiply the quotient 
by the other; the product will be the contents in square feet. 

General Applications. 

1. A board 12 feet long and 12 inches wide, contains 12 square feet 

2. A board 12 feet long and of any width, contains as many square feet 
as it is inches wide. 

8. A board of any Unglh contains as many square feet as it is inches in 
width, increased or diminished in the same proportion as its length is 
greater or less than 12 feet 

4. A board of any width contains as many square feet as it is feet in length, 
increased or diminished in the same proportion as its width is greater or 
less than 12 inches. 

Examples. 

1. How many square feet are there in a board 8 feet long, 
and 18 inches wide ? 

8 + 4 = 12; or 18 - 6 = 12; or I of 18 = 12. Ans. 12. 
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2. Find the contents of a board 15 feet long^ and 8 inches 
wide. 

3. Bequiied the contents of a board 10 feet long, and 9 inches 
wide. 

4 Calculate in the same manner the contents of the following : 



1. 12 Boards . 


...16X 9 


6. 5 Boards . 


...UX 6 


2. 10 " . 


... 14 X 10 


7. 10 


U 


...12X 7 


3. 20 " . 


...18X 9 


8. 7 


• 


...14X11 


4. 5 « . 


...lOX 8 


9. 16 


a 


...15X 8 


5. 8 " . 


...12X 5 


10. 13 


a 


... 12 X 13 



KoTB. — Since the nnmber of boards, the length, and the breadth, are all 
factors of a prodact to be diyided by 12, we may diyide any one of them 
by 13, before multiplymg. 

Thos, in the first example, cancel 12, and multiply 16 by 9. In the 
second example, multiply 10 by 10, and add to the product i of itself, 
because 14 is ^ greater than 12. In the third example, increase 20 by i of 
itself and multiply by 9. An expert will perform such calculations, men- 
tally, with great rapidity. 

Case IL 

735. To find the contents of planks, scantlings, joists, 
and square timber. 

Lumber of this description is usually reduced to its equiva- 
lent in boards one inch thick. A plank 13 inches wide is meas- 
ured as a board 26 inches wide, and a piece of scantling 3 by 2 
inches, as a board 6 inches wide. Hence, we have the following 

KuLB. — Multiply the width by the thickness, and then proceed 
as in Case I. 

786. For any lumber 3 inches thick: 

KuLB. — Multiply the width by one fourth of the length; or, 
half the length by half the width. , 

7S7. For any limiber 2, 3, 4, or 6 inches thick : 

Rule. — Multiply the width by the same part of the length 
that the thickness is of 12. 

738. For square timber : 
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KuLE. — Multiply the length by one twelfth of the area of tM 
end in inches. 

Notes. — 1. In the above rules, understand the width to be in inches, 
and the length in feet 

2. When the area of the end of a stick of timber is 13 square inches, 
the length is its contents in square feet, board measure. 

3. If the area of the end be 144 square inches, the contents will be 13 
times the length, or one square foot for every inch in length. 

Examples. 

1. Find the contents, in board measure, of a plank 16 feet 
long, 8 inches wide, and 2 inches thick. 

16 + 5i (i of 16) = 21i 
or, 8 X 2| (i of 16) = 21^. Ans. 21^ feet. 

2. Find the contents of a plank 14 feet long, 10 inches wide, 
and 3 inches thick. 

7 X 5 = 35. Ans. 35 feet 

3. Eeqnired the contents of 10 pieces of scantling, each 14 
feet long, 3 inches wide, and 2 inches thick. 

. 10 X 7 = 70. Ans. 70. 

4. How many feet are there in 12 pieces of scantling, 3^ by 2^, 
and 16 feet long? 

7 5 !♦* It 
-^X^Xj^X-j=140. Ans. 140. 

5. Find the contents, in board measure, of a stick of square 
timber, 12 X 8, and 18 feet long. 

96 X IJ = 144; or 18 X 8 = 144. Ans. 144 feet. 

6. Required the contents of a stick of timber, 8X4, and 15 
feet long. 

8 X 5 (I the length) = 40. Am. 40 feet 
Find the contents of the following: 

7. 10 pieces scantling 2X3, 16. 

8. 20 « joists, 4X5, 10. 
9 8 planks, 2 X 10, 16. 
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10. 6 planks, 3 X 9, 14 

11. 1 piece timber, 4 X 9, 14 

12. 1 « « 6 X 14, 30. 

13. 18 pieces scantling, 2^ X 3|, 15. 

Note.— The above examples are giyen in the form of the items of a 
Bill The sign of multipUcation is placed between the side dimensions, 
and omitted before the length, as is customary in practice. 

7M. To find the cubical contents of square timber. 

BuLE. — Multiply the area of one end in inches by the length in 
feet, and divide the product by 144 

EXAHPLES. 

1. Find the cubical contents of a stick of square timber 24 
feet long, and 16 inches square. 

SOLUTIOK. ^^ ^144 ^ ^^ = 42tfeet, Ans. 

2. Bequired the cubical contents of a stick of timber 2G 
feet long, and 17 by 15, side dimensions. 

3. What are the cubical contents of a stick of timber 14 
inches square, and 20 feet long ? 

4. Find the cubical contents of a stick of timber, 16 x 18, 
and 28 feet long. 

EOUND TIMBER 

740. Bound Timber is now very generally bought and sold by 
its cubical measurement, when reduced to square timber. 

The following rule for finding the contents is extensively 
used, and is considered practically just to both buyer and seller. 

BuLE. — Deduct from the mean diameter in inches one third of 
itself; multiply the square of the remainder by the length in 
feet, and divide the product by 144. 

Note. — The mean diameter is found by taking one half of the sum of 
the diameters of the two ends. 
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EXAHPLBB. 

1. Find the cnbiqal contend in square timber, of a stick ol 
round timber 14 inches in diameter at the smaller end, 20 inches 
at the larger, and 26 feet long. 

soLunoK. 20+14 = 84 -♦■ 2 = 17, mean diameter. 
17-- 6 1= 114; and IH x Hi = 128J. 

128t X 26 + 144 = 23Aft. Am, 28 + feet. 

Note. — ^A fraction of i a foot or less Is disregarded, and a fraction oyet 
i is called a foot 

2. Find the measurement, as square timber, of a stick of 
round timber 30 feet long, and of an average diameter of 15 
inches. 

3. What are the cubical contents, in square timber, of a stick 
of round timber 25 feet long, and 20 inches in diameter at one 
end, and 28 inches at the other? 

4. Eequired the cubical contents, as square timber, of a stick 
of round timber 32 feet long, and averaging 23 inches in dia- 
meter. 

CUBICAL CONTENTS OF BOUND TIMBER AND 
SPARS. 

741. Round Timber was formerly, and is at present, to some 
extent, sold by the Ton of 40 cubic feet, computed by the follow- 
ing 

Rule. — Multiply the length in feet by the square of one fourth 
the mean girt in feet; the result will be the contents in cubic feet. 

Note. — ^If ttie timber is covered with bark, one inch should be deducted 
from the mean girt, or more, if the bark is very thick. 

The quantity given by this rule as a cubic foot, is in fact a little more 
than li cubic feet ; so that the Ton is equal to a small fraction over 50 
cubic feet. The result is to the true contents, as found by the rule for cal- 
culating the solidity of the frustum of a coue, very nearly as 11 to 14 For 
example, a log 15 feet long, 18 inches in diameter at the larger end and 14 
inches at the smaller, contains, on the supposition that it is a perfect frus- 
tum of a cone, 21.053 + cubic feet ; but, by the above rule, it measures only 
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16.615 + feet Now, by mnltiplying this number by 14 and dividing by 11, 
or increasing it by A of itaelf, we get 21.019 + feet, which, for all pmctical 
purposes, may be taken as the exact cubical contents. Hence, we have the 
following praeUeaUy accurate rtde for finding the cubical contents of round 
timber, spars, eta 

BuLE. — Multiply the length in feet by the square of one fourth 
the mean girt in feety and to the product add -^ of itself; or 
multiply it by 14 and divide by 11 ; tlie result will be the contents 
in cubic feet. 

Notes. — 1. Take the ^xi of the middle of the log ; or multiply the mean 
diameter by 8.1416, or 8f . 

2. Proper allowances should be made for irregularitiea and defects. 

Examples. 

1. Find the cubical contents of a stick of* round timber, 36 
feet long, and 18 inches in diameter at one end and 24 inches at 
the other. 

SOLUTION. Mean girt, 5i feet, nearly. 

(V)« X 86 = 68 +. 
^L^ = 86A-. Ans. 8&fr feet 

2. Beduce to square timber, cubic measurement, a stick of 
round timber, 18 feet long, and of an average diameter of 19 
inches. 

3. What are the contents, reduced to square timber, of a stick 
of round timber 30 feet long, of which the mean girt is 4 feet ? 

4. Find the contents, in square timber, of a log 18 feet long, 
18 inches in diameter at the smaller end, and 22 inches at the 
larger end. 

LOGS EEDUCED TO BOAKD MEASUKE. 

742. The contents of " Saw Logs'' are usually estimated by 
the quantity of square-edged inch boards they will produce. 

There is no " accurate" rule known for computing the con- 
tents, according to this mode of estimation. Tables, prepared 
from diagrams, are very frequently used ; but the following rule 
ifl often adopted in the absence of Tables. 
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EuLB. — Deduct from the diameter of the smaller endy in inches, 
one third of itself; multiply the square of the remainder hy 
the length in feet, and divide the product ly 12 ; or, multiply the 
remaifider by one half of itself , and divide the product by 6. 

Note, — This rule allows too much for waste on large logs ; therefore, 
some dealei-s deduct 4 inches from the diameter, instead of one third, 
according to the rule. 

Examples. 

1. Eequired the contents, in board measure, of a log 14 feet 
long, and 18 inches in diameter at the smaller end. 

SOLUTION. 18 - 6 = 12 ; 12* = 144. 

144 X 14 

t^LlJl = 168. Ans. 168 fl 

la 

2. What are the contents of a log 17 feet long, and 24 inches 
in diameter at the smaller end ? 

3. Find the contents of a log 18 feet long, whose diameter is 
27 inches. 

Note. — The author has observed, in practice, one fact which, perhaps, 
lumber-dealers may take advantage of; namely, that the contents, in feet, 
of logs upward of 16 or 17 inches in diameter, are very nearly equal to the 
6qua/re of two thirds of their diameter in inches^ for every ten feet of their length. 
Hence, by deducting from the diameter of a hg^ in inches, one third of itself, 
amd mvMplying the square of the remainder by one tenth of tJie lengthy the 
product will be the consents in square feet. 

Examples. 

1. What are the contents, in board measure, making the usual 
allowance for waste in sawing, of a log 14 feet long, and 24 
inches in diameter ? 

SOLUTION. 24 - 8 = 16 ; 16» X 1.4 = 358.4. Ans. 858 ft. - 

2. Find the contents of a log 15 feet long, and 36 inches in 
diameter. Ans. 864 ft. 
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PHILOSOPHICAL PROBLEMS. 
L FALLING BODIES. 

7IS. A body descending from a state of rest, under the infln- 
enoe of grarity, fiills, the first second, 16^ feet, and during the 
time acquires a velocity that will carry it through 32^ feet in 
the next second. During the next second, it fiftlls 16^ + 32^ = 
4Si feety and acquires a Telocity of 64^ feet; and, uniformly, 
the Telocity increases 32^ feet x)er second. According to this 
law, 

Tfte velocities of falling bodies are as the times, and the spaces 
they describe as the squabes of the times. 

Hence, to find the Telocity acquired by a falling body, in any 
giTen time, multiply 32^ feet by the numbet of seconds it has 
been falling. 

To find the distance it has fallen, it is convenient to use a 
formula derived from the following proportion : — 

!•: T':: 16^:D; orD=16^xT'. 

Examples. 

1. How far will a body, descending freely through space, ftJl 
in 8 seconds ? 

Formula. D = 16^ X 8' = 1029^. Ans. 1029^ feet 

2. What velocity will be acquired by a body falling, as above, 
at the end of the time ? 

Solution.— 83i x 8 = 257i. -4n*. 267i feet per second. 

3. How long will a body be in falling through 1608J feet of 
space ? 

Formula, -z^ = T*. Hence, 1608^ 4-16^ = 100; and 

1^ 

i/lOO = 10. Ans. 10 seconds. 

4. A man, standing on a precipice, drops a leaden ball into a 
lake below, and counts 7 seconds before it strikes the water. 
What is the height of the precipice above the water ? 
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5, With what velocity would an iron ball, dropped from the 
top of a tower 257-^ feet high, strike the ground at its base? 
How far would it fall in three seconds ? 

Note. — To answer the first question, find the lime from the formula 
in Example 3, and multiply it by 32^. 

6. From what height must a body fall, to acquire a velocity 
of 386 feet per second ? Ans. 2316 feet 

744. The velocity of a body projected upward, is retarded in 
the same ratio as the velocity of a falling body is accelerated. 
Hence, to find the distance it ascends, we have the following 



Formula. D = 16^^ X (^^ 



Example 1. A man in a boat on a pond, fires a ball vertically 
upward from a rifle, and observes that it returns and strikes the 
water in 20 seconds. How high did it ascend ? 

Ans. 160^ feet. 

2. A ball fired from a cannon on a level plain, at an angle of 
45 degrees, struck the earth in 8 seconds : what vertical height 
did it reach ? 

II. SPECIFIC GRAVITY. 

The Specific Gravity of a body is the ratio of its weight to 
the weight of an equal volume of some other body (usually pure 
distilled water), with which it is compared as a standard. 

A cubic inch of distilled water weighs 252.458 grains. Hence, 
a cubic foot weighs 252.458 X 1728 = 436247.424 grains = 
997.1369696 ounces avoirdupois = 62.3210606 pounds; but, for 
all practical purposes, the weight is reckoned 1000 ounces, or 
62^ pounds. 

The specific gravity of the standard is 1. 

The specific gravity of a body lighter than the standard is 
less than 1, and of a body heavier, more than 1. 

When a body is immersed in water, it is buoyed up by a force 
equal to the weight of the water which it displaces. A floating 
solid displaces its own weight of water. 
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TABLE, 



SHOWmO THB 6PBCIFIG ORAYITEBS OF A FEW WELL-KNOWH ST7BSTANCKB. 



Platinum 22. 

Gold, cast 19.258 

Mercury, at 82" 18.619 

Lead, cast 11.344 

Bilyer, " 10.474 

Copper," •• 8.788 

Brass; " 8.396 

Iron, " 7.271 

Common Stone 2.520 



Ivory 1.822 

Lignum vitse 1.338 

Milk 1.030 

Sea-water 1.028 

Fresli water 1. 

Hickory wood 838 

Maple wood 750 

Poplar wood 383 

Cork 240 



745. To find the si)ecific gravity of a body heavier 
than water. 

Rule. — Weigh the substance in air, then in water, atid divide 
its weight in air by its loss of weight in water j the quotient 
will be its specific gravity. 



Examples. 

1. A piece of copper weighs 2019 grains in air, and loses 230 
grains when immersed in water : what is its specific gravity ? 

SOLUTION. 2019 -^ 230 = 8.75 — , Ans. 

2. A piece of lead, weighing in air 272.4 pounds, weighs in 
water 248.4 pounds : what is its Specific gravity ? 

Ans. 11.35. 

3. A mass of gold, weighing 96.3 grains in air, loses, when 
weighed in water, 5 grains: find its specific gravity. 

4. A piece of platinum weighs 44 grains in air, and 42 grains 
in water: what is its specific gravity ? 

746. To find the specific gravity of a body lighter 
than water. 

KuLE. — Attach to it somebody heavy enough to sink it j weigh 
the two together, in air and in water, and, by subtraction, find 
their loss of weight in water. In like manner find the loss suS" 
tained by the heavier body weighed alone. Subtract this loss 
from the loss of the two, and the different will be tlie weight oj 
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a volume of water equal to the volume of the lighter body. Di- 
vide the weight of the body in air by this difference^ and the quO' 
tient will be its specific gravity. 

Examples. 

1. A piece of maple wood, weighing 12 ounces in air, is fast- 
ened to a piece of lead which weighs 15 ounces in air, and ISJ 
ounces in water ; and both are found to weigh, under water, 9f 
ounces : required the s]^cific gravity of the wood. 

SOLUTIONS". Both lose, in water, 27 — 9| = 17J ounces. 

The lead alone loses IJ " 

Weight of water displaced by the wood, 16 " 

Hence, 12 ^ 16 = .75, tlie specific gravity of the wood, Ans. 

2. A piece of cork weighs in air 4 ounces, and a piece of iron 
24 ounces. In water, the two together weigh 6 ounces, and the 
iron alone weighs 18f ounces; x'equired the specific gravity of 
the cork. Ans. .240. 

3. A body weighs, in air, 600 grains; when attached to a 
piece of copper, the combination weighs 2647 grains in air, and 
loses, when weighed in water, 834 grains. The copper alone loses 
230 grains : required the specific gravity of the body. 

A71S. .993. 



MISCELLANEOUS EXAMPLES. 

1. What number is that which, being increased by J of itself, 
is equal to f ? 

2. A pole stands ^ of its length in the mud, 3 feet in the 
water, and i out of the water : what is its length ? 

3. John spent i of his moiiey for a book, J of the remainder for 
a slate, f of the remainder for writing, paper, and gave the bal- 
ance to a beggar. He paid 5 cents more for the slate than for 
the paper : how much money had he at first, and how much 
did he give to the beggar ? 

4. Mr. Smith is worth $6000 more than Mr. Jones, and Mr. 
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JoDes is worth just f as much as Mr. Smith: how much is 
each of them worth ? 

5. If an article had cost 20 per cent, less^ the gain would haye 
been 30 per cent more : what was the gain per cent. ? 

6. An Indian and a white man undertook, for a wager, to run a 
lace over a six-miles course. The speed of the Indian was to that 
of the white man as 4 to 3, till the former reached the half-way 
point, when the latter abandoned the contest The Indian con- 
tinued on at half his former speed, and made the whole distance 
in 48 minutes: how many rods per minute did each run at 
first? Ans. The Indian, 60, the white man, 45. 

7. If tS^ will buy a turkey and a half, and a turkey is worth 
three and a half geese, how many geese can be bought for $5. 33^? 

8. The product of two numbers is f , and one of the numbers 
IS I : what is the other ? 

9. A careless clerk, calculating the cost of a piece of goods, 
multiplied by .ISJ^, when he should have multiplied by .28^, 
and obtained $5,731^ for the result: what was the correct 
result ? 

10. A can do a piece of work, alone, in 7 days, and B in 9 
days : in what time can both do it, if they work together? 

11. The sum of two numbers is 3547, and their difference 
374 : what are the numbers ? 

12. The product of the sum and difference of two numbers is 
1400, and 10 is their difference : what are the numbers ? 

13. If a man by travelling 30 miles per hour, for 24 hours each 
day, can accomplish a journey of 2520 miles in 3J days, how 
long will it take him to travel twice that distance, at the rate 
of 25 miles per hour, for 18 hours each day ? 

14. A merchant bought 75 barrels of flour at $9 per barrel, 
and sold ^ of it at a certain gain per cent, ^ at twice that gain, 
and the remainder at a net profit of $25. If he had sold the 
last lot for $8.75 more, he would have gained 10 per cent on the 
whole : what was his gain per cent on the first two lots, and his 
whole net gain ? 
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15. If the minute hand of a clock be 5 inches long, what 
space in length does the extreme point pass oyer in 35 minutes? 

16. In an arithmetical series^ the extremes are 2 and 26^ and 
the number of terms 7 : what is the sum of all the terms ? 

17. A man agrees to labor for one year, at the rate of 1 cent 
for the first month, 6 cents for the second, 25 cents for the 
the third, and so on, in a fivefold ratio : what was the amount 
of his year's wages ? 

18. A pile of wood 8 feet long, 4 feet wide, and 4 feet high, 
makes a cord. Required the dimensions of a pile of a similar 
form, which will contain 91^ cords. 

* 19. The gable ends of a house are each 32 feet wide, and the 
perpendicular height of the ridge-pole above the eaves is 10 
feet: how many feet of boards will it take to coyer both gable 
ends? 

20. A horse is tied in a meadow to a post, by a rope long 
enough to allow him to graze over a circular half acre of ground : 
what is the length of the rope ? 

21. How much carpeting that is J of a yard wide will cover a 
floor 15 feet square ? 

22. A certain amount of money is to be divided between two 
persons, in such a manner that the one shall receive ^ as much 
as the other: required their respective shares, their diflPerence 
being $550. 

23. A train of cars, which ran at the speed of 25 miles pei 
houri left New York on the Hudson Eiver Railroad, at 7| 
o'clock A^M., for Albany, a distance of 150 miles. A second 
train, whose speed was to that of the first as 6 to 5, starting from 
the same place, arriyed at Albany 40 minutes before the first: 
at what time did the second train leaye New York ? 

24. In what time will any sum of money double itself at 6 pei 
cent, compound interest ? 

25. Required the amount of $100 in 4 years and 10 months, 
at 6 per cent compound interest. 
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26. In what time wQl any sum of money double itself at 6^ 
simple interest ? 

27. What is the present value of an annuity of $500 per annum 
for 20 years, at 6^ compound interest ? 

28. A merchant occupies a store, for the rent of which he is 
paying $1800 per annum. The building is situated on leased 
land, and will revert to the owner of the fee when the lease 
expires, in 20 years ; but the ground-rent is paid in full to the 
end of the term. The owner of the store offers to sell it for 
$10000 cash, and the tenant concludes to purchase, thinking 
that in the end he will save money by the operation. Suppose 
it costs him annually for taxes, insurance, and repairs, $500, • 
what will he save, or lose, in 20 years, reckoning compound 
interest, at 6^, on the investment, on the annual outlay of $500, 
and on the $1800 rent, for 20 years ? Ans. Gain, $15749.91. 

29. A miner offered a trader an ounce of gold, at a certain 
price, with the privilege of having it weighed upon a jeweler's 
or a grocer's scale. The trader chose the latter. Did he get 
more or less gold than he would have received, if he had chosen 
the jeweler's scale, and how much ? 

30. If five dogs can kill 5 rats in five minutes, how many dogs 
will it take to kill 100 rats in one hundred minutes ? 

31. A and B can do a certain piece of work in 6 days, A and 
C in 9 days, and B and C in 12 days: in how many days can 
they all, working together, do it ? 

32. A liquor agent of a New England town held the oflBce for 
one year, at the close of which he gave the following statement 
of his accounts : — 

Amount of cash received upon assuming the office $32.17 

Value of liquor received at the same time ~ 57.54 

Cash received for sales of liquor during the year 102.97 

Amount paid for liquor bought during the year 59.91 

Amount of agent's salary 25.00 

Value of liquor on hand at the end of the year 31.87 

Did the agent owe the town, at the end of the year, or did the 
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town owe the agent, and how much? Did the town gain or 
lose, and how much ? 

Ans. The agent owed the town 150.23. 
The town lost 8.11. 

33. A has $10; B has as much as A and half as much as C; 
and has as much as A and B together: what sum has each?^ 

34. Eequired the area of a right-angled triangle, the hypoth- 
enuse being 64 feet, and one side 28 feet 

35. A sphere is 16 inches in diameter : what is the diameter 
of one I as large ? 

36. A certain field is bounded as follows : — By a line running 
due east, 20.5 chains; thence in a southeasterly direction, 20 
chains ; thence due west, 32.5 chains ; thence north, 16 chains, 
to the point of beginning : how many acres does the field con- 
tain? 

37i What is the diameter of the driving-wheel of a locomo- 
tive, which, making 152 revolutions per minute, runs 30 miles 
per hour ? 

38. At 12 o'clock the hour and minute hands of a clock are 
together : at what time between 3- and 4 o'clock will they be 
together ? 

39. Eequired the area of an elliptical table whose transverse 
diameter is 4^ feet, and conjugate diameter 3 feet. 

40. Broadway, in New York, is 85 feet wide : suppose a mil 
lion bales of cotton, each 5 feet long, 4 feet wide, and 3 feet 
thick, to be piled so as to fill the street, between the buildings, to 
a height of 45 feet, what distance will they extend ? 

41. A person, being asked the hour of the day, replied, that 
the time past noon was equal to -^ of the time to midnight : 
what was the time ? 

42. A gentleman has two horses and a carriage worth $1000. 
The first horse and the carriage are worth three times as much 
as the second horse, and the second horse and the carriage are 
worth seven times as much as the first horse: required the 
value of each horSe. 
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43. If a staff 5 feet 6 inches loBg cast a shadow of 7 feet, 
what is the height of a steeple whose shadow is 140 feet? 

44. What is the least common multiple of 6^ and 7J ? 

45. What is the greatest common divisor of f , J, and ^ ? 

46. Ay B, and 0, start together from the same point, to walk 
around a lake 72 miles in (circumference. A walks 9 miles, and 
B 12 miles a day, in the same* direction, and walks 18 miles 
in the opposite direction : in how many days will they all meet 
at the starting-point ? 

47. Six men are engaged in huilding a house, which they agreed 
to finish in 90 days ; but, after working 70 days, they find that 
it will be impossible to complete it in less than 50 days more : 
how many additional men must be employed, to finish the work 
according to the contract? 

48. The sum of $1240 is to be divided among three persons. 
In the proportion of 1, ^, and J, respectively : how much will 
each receive ? 

49. A boy wants 12 pieces of silver, in change for a dollar, all 
dimes and half-dimes : how many of each must he have ? 

Ans. 8 dimes, and 4 half-dimes. 

50. A hare starts 30 yards before a gi-eyhound, but is not seen 
by him till she has been running 40 seconds. The hare runs at 
the rate of 8 miles per hour, and the hound pursues her at the 
rate of 10 miles per hour: how long will the chase continue, and 
how far must the hound run ? 

51. K gold be quoted at 110 for currency, how much below 
par is the currency, gold being the standard ? 

52. A cistern, of the capacity of 126 gallons, has a supply-pipe, 
which will till it in 20 minutes, and two discharge-pipes, one of 
which will empty it, when full, in 40 minutes, and the other in 
80 minutes : how long will it take to fill it with water flowing 
through all the pipes at the same time ? 

53. How many yards of thread will be required to wind spi- 
rally, from end to end, round a cylinder 6 feet long, and 10 
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inches in diameter, at a uniform pitch of three inches to one cir- 
cumference ? Ans. 21.039 + yds. 

54. A ball, falling from the height of 10 feet, rebounds 5 feet, 
and again falling, rebounds 2^ feet; and so on, it continues, 
falling, and rebounding one half as high as it fell the last time : 
through what space will it pass, in the successive falls, before it 
comes to a state of rest ? 

55. The diameter of a circle is 4 feet : what is the diameter pf 
a circle whose area is 4 times as large ? 

56. A market-woman bought eggs at 18 cents a dozen, and 
sold them at the rate of 3 for 5 cents : what was her gain per 
cent. ? 

57. A note for $413.50, dated September 1, 1869, bears the 
following indorsements: — Eeceived October 1, 1869, $50; Jan. 
10, 1870, $100 ; IMarch 11, 1870, $75 : how much is due June 1, 
1870, the rate of interest being 7 per cent. ? 

58. When gold sells at 110 for currency, what rate of interest 
on his investment, in currency, will a person receive, who buys 
U. S. 5-20 Bonds at 105 ? 

59. What must be the face of a note payable in 90 days, that, 
when discounted at a bank, at 7^, will yield $1000 ? 

60. Sold $2543.50 worth of goods, at a profit of 5^, on a note 
at 60 days, and had the note discounted the same day, at 6^ 
per annum, at a Philadelphia bank: required the net profit on 
the goods. 

61. A and- B purchased a watermelon for 8 cents, A pajdng 
3 cents, and B, 5 cents. A third person comes along, and offers 
8 cents for a third interest in it, and the offer is accepted: how 
shall A and B divide the money, so that all three shall have 
equal shares of the melon ? 

Ans. B should take 7 cents, 
A " "1 cent. 

62. At marriage the wife's age was 4* of the husband's, and in 
32 years it was ^ : how old were they at marriage ? 

Ans. 16 and 28. 
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C3. A grain-dealer has a quantity of wheat which he pur- 
chased at a certain price. If he sells it at $1.50 per bushel, he 
will lose $37.50; but if he sells it at $1.90 per bushel, he will 
gain $22.50 : how many bushels of wheat has he ? 

64. Two young men, A and B, went a hunting for deer, but 
failing to kill any, they bought one for $8. As B was short of 
funds, A paid for the deer ; but B paid the expressage home, 
$1.50, aud agreed to pay the balance of his share after they 
reached home. Upon their return, they sold the skin for $1.50, 
and A received the money. Now, how much ought B to pay 
to A for his share of the game ? Ans. $2.50. 

65. How many square feet of plank, 2 inches thick, will it take 
to make a box 4 feet long, 3 feet wide, and 2 feet deep ? 

66. A person spent one half of all the money he had and half 
a dollar more ; then half of the remainder and half a dollar 
more ; then half of the remainder and half a dollar more, when 
he had one dollar left: how much had he at first? Ans» $15. 

67. A flash of lightning was seen 10 seconds before the 
thunder was heard : what distance from the observer was the 
cloud from which it came, the velocity of sound being 1090 feet 
per second ? 

68. A butcher killed a hog, and wished to ascertain his weight, 
but he had no scales at hand. He, therefore, " set his wits to 
work," and recollecting something about arithmetic which he 
studied when a boy, and knowing his own weight to be 160 
pounds, he took a bar of wood, placed it on a support, and sus- 
pended the hog on the short arm, 18 inches from the fulcrum, 
and then found that he could, by his own weight, just balance 
him at a distance of 2 feet 3 inches from the fulcrum, on the 
long arm : what did the hog weigh? ^tz^. 240 lbs. 

69. A weight of 150 pounds is suspended on the short arm of 
a lever, 15 inches from the fulcrum ; at the end of the long arm, 
5 feet from the fulcrum, there is an iron ball, weighing 16 
pounds : at what distance from the fulcrum, on the long arm, 
must another ball, weighing twice as much as the small one, be 
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placed, so that the two balls will just counterbalance the weight 
of 150 pounds on the short arm ? Ans. 40-j<^ inches. 

70. A tree, 108 feet high, standing on a horizontal plane, was 
broken by the wind, in such a manner that the top fell and 
struck the ground 36 feet from the trunk, the other end of the 
part broken off resting upon the top of the part left standing : 
at what point was the tree broken ? 

Note. — Solve this problem by the principle that the product of the sum 
and difference of two numbers is equal to the difference of their sauares. 

71. Three men, A, B, and 0, bought a grindstone three feet in 
diameter, paying equally ; and they agreed that A should grind 
off from the circumference his share first; then B his share; 
then C his share : what part of the radius should each grind off? 

Ans. A, 3.304 + inches. 

B, 4.303+ " 

C, 10.392 + '' 

72. The lessee of certain premises sub-lets the same to another 
person, at a rent of $500 more than he pays : what is his lease 
worth, if it is to continue 5 years, reckoning compound interest 
at 7 per cent. ? Ans, $2050.09. 

73. A man, at the age of 35 years, takes a Life Policy of In- 
surance for $1000, for an annual premium of $26.38. His 
" Expectation of Life" is 31 years ; should he live, and continue 
to pay the premium for this term, what will his payments 
amount to at 6 per cent, compound interest ? 

74. A certain flag-pole, in the form of a complete cone, is 2 
feet in diameter at the surface of the ground where it stands, 
and 100 feet in slant height : how many yards of inch ribbon 
will it require to wind round it, flatwise and spirally, from 
bottom to top, in such a manner as to leave a continuous space 
three inches wide between the parts, or convolutions of the 
spiral ? Ans. 314.16 yards. 

75. What is the area of a square tract of land which contains 
as many acres as there are rails in the fence inclosing it, each 
rail being 11 feet long, and the fence 4 rails high ? 

Ans. 92160 acres. 
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Thb following are answers to all the problems not giyen in the body of the book, 
except'thoee of the first part. 

The page is on the left. The nambers of the examples are inclosed by parenthetical 
marks, and the answers follow. 

When there are two or more sets of examples of the same numbers on a page, the 
second set is indicated thus [2 S.], the third set thas [3 S.], etc. 
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46 II (1) 2, 5, 7. 11, 41. (a) 3, 3, 6, 7, 7, 13. (3) 2, 3, 3, 3. 3. 17. 
II (4) 3, 3, 5, 7, 11, 13. (5) 3, 3, 3^3, 3, 5, 17. (6) 17, 19 ; 3, 

47 II 11, 13; 3, 587; 3,7,7; 7, 19. || 41. || (1) a (2) 15 (3) 13 

50 II (A) 19 (5) 6 (6) a3. H 50- || (1) 6 (2) 19 (3) 3 (4) 46 

51 |1 (5) Hone. (6) 107. || 51. || (1) 81(2) U (3) 15 (4) A- 
53 II (;3) 1 (6) 13 (7) 30 (8) 20 (9) | (10) ^^(11) l^ (13) ly, . 
5fi II (1) 23 1 (2) 3394 (3) 9828 (4) 3(J0b (5) 285 (7) 3?8 
61 II (8) 589050 (9) 918 (10) 156 ( 11) (J85i: || 61. || (2) j j 
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II (7)^ |Mg)H^(9) Hi ^ (10) ^r~ (11) ^ (12) i^ 

64 II (3) 1 271 (4) *8 (5) 1 ((I) n7^. [3 S.] (1) 3 (2) 17^ 
_jl_(3rjffj4)j_(5]^5 (C) 6 (7) 330tV (8) 3,^^ (8) 74 ^ 

66 II (10) 137A (11) im (la) 37H |. " II 66. || (3) ^ S^, t^; 

^_y^-_(gLVWV-_iltf^HH^ ^W.- (4) tVA . tWjt. tWV- 
fiL!LL51iWi,^2j^__iijW-JiJ^i"r^H^A^H^ 

II il j'r (5) e- ^. A- H- (^)H- !>■ if H- (7) tV'tV 

tl -A. il [« S.] (I) IH. m^i^^ m- (a) 3i. i 4|, 

II 19|. (3) 18i-^. 200A, A- (4) tV/„ ,W ir> HH- ,W^. 

_JU3_it_ihJh_U- (fi) t Wt'. tV<iV. iW. tWt- ( ") 1^, M. 

«8 II A. H- (8) i- i, i, -i- 1168. II (1) T*A, ^. (2) e . A. 

70 II (3) H. H. A. iV W h h h II 70. II (1) 2 (3) ICOll 

II (4)74H§(5)imf6)7f- [gS-] (1)3K2)17tV{3)236| 
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70 !l W sm (5) 98^^ (6) 816^^^ (7) 92,^ (8) 2^ (9) tVA 
L (10) aA (11) 31f (12 ) at (13) 38^ (14) 25^ (15) 1 ^ 
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II (6) -n r W- [g S.] (1) ^ (3) t*, (3) ^ (4) ^. 

7 3 II (1) ^^m m '-iil^ (3) Se^H (-1) ^m ^5) 74H (6) 85f 

7"6 II (7) inj (8) |. II 76. II (1) t?OH (a) 98| (3) 134^ (4) SBSJi 

II (5)4H (t))fH(7)lH(S)13Sif (■'» '■'? 00) lf}_{ll)JS| 

[j (12) '^ (13) 8 m (14) 814tV (15) ll> gOJ 1«UA- (H) f 

II (18) 418|» (19) 271^|Mt (20) 7|4 (2i) j (22) 89^ . 

7 7 ii (1) i^ CJ) 9H (3) 9 (4) 1(5) 7-,^ (6) Ifi^ (7) 6j (8) 12i 

78 II (9) ll )|i (Ui)_$S8^. II 78 II ( 1) 3C (2) 247^ (3) 1 90 (4) 9 (5) 206^ 
II (6) 281 j- (7) g80l'(8)l80f (9)9, 80|, 10^,6^. (10) None- 



80 II (11) 201, II 80. II (1) II (3) m (3) H Wm (5) JB 
II (I') m <7) il (8) JH^ (fl)Vf (10) ^ (11) fVV . 

81 II (1) 787i (2) 5901^ (3) 14019-,V (4) 15200 (5) 214^ 
II (fi) a-30 (7) 3480 (8) 1886 (9) ft74.39 (10) |i3I86 (11) $3112 

8Fni=i) i -iii7Sl II 82-11 (1 ) ]5f2 (2)^ m|i (3)_ I448Tif 

11 (4) 140f (5) 2(50 (0) S34H (7)"328Ji (8)^7y (9)*5^ 



83 II (1 0) m^i^. II 83. IK 1 ) A (2) ^h (3) rfV (4 ) tHif (5) tW r 

81 II (ti)T^(7)l(S)T^. II 84.11 (1) 9W (3) 28H (3) 46^ 

II ( 4) 13 (5) 2IHi ((-i) 13 j (7) Hi ( 8) 7 (9) g442/3 (10) 33324 

II (11) 17083. [g jg:]" (1) f (2) 1^ (3) 1^ (4) 7 (5) 1^ 

85 II ((i) 8 (7) mi (8) 1 . II 83. \\ (9) 18^ - m 5^ (H) Jjl- 
IIJ3S.1 (1) " 7t (3) 3 i ^ (3) 3H (^) 4A (5) ^ 49JV (C)10^^ 
II (7) m\iS) i (9) SOt,V (1 0) IHJ (11) I184i (12") 3tV . 

86 11 (I) gSStV, (2) ,5^ (3) lof (4) 40H (5) 192^^ 
II (0 ) 13 HI (7) Si'i (8) 6|j- (9) 5| (10) 34i j (11) 109 ^ 

87 II (12) SH- II 87. II (1) m (^) 9t^ (3) 75^ (4) 3j"^ f 

88 II (5) 17i (G) S^ (7)10 H(S)Mt- II 88- H (3) ^ (^) 4 
90 11 (5) 40. [a 8.] (2) 3H"("3) ^IM (5) A- Ii ««- II (3) ^U 
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91 II (4) srk» II 9h II (2) 2150 (3) 12. || 92. || (1) Ijl- 

92 II (2)247A(3)i>i.i^.(4)20JVV(5)2H (6)^(7),^ 
II (8) 2H (9) 42 (10) 7577i (11) 17770^ (12) 4^^ (13) Ml 
II (14) i^ (15) $222| (16) 3i^ (17) $666| (18) 2112^ 
II (19) 1378| (20) 960 (21) 228J-J- (22) 3Q^V 

98 II (23) $2415^ (24) A, 572; B, 264. (25) I59-| (26) fg^; 

II 2^ ft. (27) 19f^ (28) 5^ (29) 96 cts. (30) 1^ (31) 15^ 

98 II (32) If and jj- II -98. || (2) j (3) -^j^ (4) ^ (5) j 

99 II (e) ^ (7) i (S) ^, 1199. H (2) .1875 (3) .008 
II (4) .25125 (5) $54.75 (6) .99 (7) .03716+ (8) If^ 
[| .185^V (9) .546875, .0475113+, .575, .32, .33333+, 
II . 92857 +, .005906 + , .54117 +, . 75, .46875, . 325, . 2663115 +, 

100 !| .625, .13333 + . || 100. || (2) 102.515 (3) 908.425 

101 11 (4)27.223125 (6) $2898.01 (7) 1.11111. || 101. || (8)2.1493 
II (2) 1.1115 (3) 5674.9 (4) .000999(5) 6.99993 (6) 43.08997. 

102 11 (7) 20.41 acres. (8) $148.50 (9) 1.4791f (JO) $0.7475. 
H (11) .0373+ (12) 999999.999999 (13) .22698ib (14) 3.35 

1 08 II (15) 999.99999. || 108. || (1) .64125 (2) 1635.2776 

II (3) .00008 (4) 2431.269 (5) .06200031 (6) .68785 

II (7) 174.95625 (8) .1875 (9) .0075 (10) $0.4375 (11) 9875 

II (12) $798.75 (13) $18537.8125 (14) .012 

104 II (1) 287700 (2) .0372 (3) 9 (4) 900 (5) 89802.2185. 

106 11 (1) .8 (2) 410,8 (4) 1000 (5) .006| (7) $801 (8) 100000 

II (9) 10 (10) 5 (11) .0459 (12) $0.875 (13) 12 times. 

H (14) 1500(15) 1000000.89999991+ (16) 7000 (17) .32 

II (18) 1. (19) 1.6666+ (20) .0000001 (21) .135 (22) .01 

H (23) .00406 (24) 2186 (25) 19.88014+ (26) .00896 

II (27) .00001 (28) .099107+ (29) 225.2432+ 

109 H (1) ^-, (2) ^^ (3) m w ^u (5) im (6) -^ 

116 II (7) 241ffl. II 116. II $1418.07 (2) $233.40 (3) $618.75 

II (4) $120.85 (5) $88.89 (6) $25.055 (7) $8.80 (8) $140 

II (9) $2.81+ (10) $47.65 (11) $2.06| (12) 9 (13) $50.45+ 

1 18 II (1) $12.50 (2) 20 (3) $9 (4) 43^ || 119. || (1) $62.50 

119 II (2) $62.51(3) $22.81 + .[8 S.](l)$28.60(2)$4.70 + (1)7345 
142 II (2) 1450 (3) 4029 || 148 || (4) 399300 (5) 1889 (6) 22926 
148 II (7) 320488 (8) 240 (9) 3678 (10) 1193 [g S,] (1) 45 A. 3 B, 

II (2) 2 hhd. 1 bbl. 23 gal. 3 qt. (3) 125 bnsh. 3 pk. 5 qt. 
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Ill II (4) 75 mi. 5 far. (5) 18 cwt 3 qr. 14 lb. (6) £45 10s. 6di 

II (7) 55 lb. 7 oz. 13 pwt 16 gr. (8) £1. (9) 12 lb. 9 ; 2 3 

1« II (IQ) 22 yr. 39 wk, 6 da. || 145. || (1) 1 qr. 1 lb. 5 oz. jj dr. 

II (2) 5 far. 21 rd. 2 yd. 2 ft 10 JV in. (3) 132 da. 17 h. 27 min. 

II 16^ sec. (4) 3 R. 1 sq. rd. 6 sq. yd. 3 sq. ft. 108 sq. in. 

II (5) 1 bbl. 18 gal. 3 qt 1^ pt. (6) 1 pk. 5 qt. Ijj pt. (7) 198. 

II (9) 6 far. (10) 2 R. 20 sq. rd. (11) 28. 6d. (12) 6 da. 3 h. 

II (13) 1 mi. 3 far. 8 rd. 4 yd. 1 ft. 2.4 in. (14) 1512 ca. in. ; 

II 3 T. 15 cwt.; 2 R.; 4 oz. ; 11 oz. 3 dr. 1.2 gr. ; 

116 II 6 0. 6 fl 3 f 5. 12 m. || 146. || (1) ^ (2) fffl 

H7 II (3) ^. II 147. II (4) ,^ (5) 9^ (6) ^. [g S.] 

H8 II (1) a (2) Mff (3) iVy W m- II H8- II (5) iWV (6) ft> 
II [g S.] (1) £12.953125 (2) .065625 (3) .920j^ (4) .3625 

II (5) 2.5000tVW (^) '0^g31|i (7) .5703125 (8) .58509^- 

149 II (9) 79ffi| (10) 21.6625 (11) .0625 (12) 4.776f|i 

150 II (13) .480^^ (14) .OOpTtVW' II lgO» II (1) -698 (2) .85 

151 II (3) .625. II 151. II (4) $46.55 (5) .945 (6) .7435 (7) 1.075. 

152 II (1) 170 T. 19 cwt lij lb. (2) 94 cd. 1 cd. ft. 8 cu. ft, 
II (3) £611 7s. lOd. (4) 112 A. 3 R. 18 sq. rd. 29 sq. yd. 6 sq. ft 
II 111 sq. in. (5) 439 lb. 3 oz. 1^ gr. (6) 97 T. 14 cwt 18 lb, 
II 5 oz. (7) 19 bush. 2 pk. 3^V qt (8) £304 9s. 2d. (9) 379 A. 
II 2 R 16 rd. 61 sq. ft 76 sq. in. (10) 32 S. 10° 59^ 28^^ 
II (11) 149.01+ (12) 4 fur. 23 rd. 3 yd. 1 ft -^ in. 

158 II (13) 58. 9d. II 158. 1! (1) 2 rd. 13 ft 4 in. (2) 14 T. 6 cwt 

II 2 lb. (3) 11 cd. 5 cd. ft (4) 139^ doz. (5) 290 bush. 3 pk, 

154 II (6) 424 A..4rd. (7) 16° 14^ 10^ || 154, || (8) 10° 48^ ir^ 

II (9) 9 cwt 12^ lbs. (10) 26 da. 23 h. 12 min. 

156 II (1) 3 yr. 11 mo. 28 da. II 157. || (2) 1 yr. 2 mo. 15 da. ; 

157 II 7 yr. 9 mo. 1 da. (3) June 11-14; June 9-12 (4) 38 

158 II (6)6 yr. 24 da. (7) 20. || 158. || (1) 166 mi. 3 fur. 4 rd. 9 ft 
II (2) 60 cd. 123 cu. fb. (3) 42? lbs. 3 oz. 4 pwt (4) 2535 A. 

159 II 2 R. 14 P. Ij sq. yd. |j 159. || (6) 153 rd. 3 yd. 2| ft 
II (8) £24 88. 2d. (9) 311 T. 5 cwt 3 qr. 34 lb. (10) 65 lb. 1 f . 
II 2 9 (11) 12 0. 5 S. 20° 10^ (12) 121 lb. 6 oz. 6 pwt 16 gr. 

161 II (1) 4 T. 1425 lb. 1| oz. (2) 1 lb. 5 3 1 3 7^^ gr. (3) 3 A. 

II 2 R. 14 rd. 15 yd. 6 ft 18 in. (4) 4 da. 23 h. 19 min. 

II 22f sec. (5) 253 A. 3 R. 17 sq. rd, 4 sq. yd. 2 sq. ft 

11 128^ sq. m. (6) 5 lb. 10 oz. 12 pwt 3 A gr- (7) 4 (8) ^^ c^- 
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161 II ft. 592 cu. in. (9) 96 da. 23 h. 20 sec. [3 S.] (1) 5280 


II (2) 24900.48 (4) 136 A. 6 sq. ch. 8 P.'460 sq. 1. (5) 21. 


162 II (6) 625 (7) 4 cwt. (8) 40 da. 10 min. (9) 3 S. 8' 53f' 


II (13) 49.4 lb. (14) .675 (15) .63^ (16) 58 da. 9 h. 36 min. 


W9 II (19) 340|f (20) 2 mi. 190 rd. 9 f t || 169. || (5) 79° 52' 


170 It (6) 4 h. 36 m. S^ s. a.m. || 170. II (2) 46 ft. 11' 1" 8'". 


171 II (3) 5 ft 9" 10'" (4) 15 ft. 10' 8" (5) 53 yds. 11' 10" 


172 II (6) 14 ft. 2' 9". II 172. || (1) 332 ft. 5' 6" (2) 15 sq.ft 9' 


II 10" 5'" 3"" (3) 145 (4) $31.11+ (6) 101 sq. yd. 5 sq. ft. 


173 II 7' 6" (6) 7 cd. 2 cd. ft. 7 cu. ft. || 173. II (1) 32 ft 4" 


174 II (2) 115 ft 8' 5" (3) 29^ en. ft || 174. || (1) 7 ft 3' 6" 


II (2) 2 ft 3' (3) 14 ft 8' 6"- (4) 14 ft 4' 6" ; rem. 1" 3'" 


II (6) 25 ft 6' 3" (6) 11664 (7) 25 sq. yd. 4' 2" 8"'; or 


II 25^* sq.yd. (9) $2.20+ (10) 2 ft. 5' 9"+ (11) 2 ft 7' 


II 6" 0'" 5+"" (12) 102 en. ft 7' If ; or 102^4 en. ft 


178 II (13) 3 cd. 6 en. ft (14) $36.85. || 178. || (2) 600 men 


II (4) 140 bush. (5) 653.33^ men (6) £18.75 (7) $0.21876 ; 


II $0.109375; $0.65625 (8) $1.8975 (9) .12 (10) y^; 


179 II j^; .0009375. || 179. || (12) $525 (13) $900 


II (14) 431.25 (15) $3515 (16) $825 (17) $1619.90 


II (18) $7,025 (19) $6250. [« S.] (2) $376 (3) 600. 


180 II (4) 200 (5) 800 (6) $750 (7) $325 (8) 94600 (9) $1000 


II (10) 125 (11) $3000 (12) $12380.95+ (13) $675 (14) $95 


181 II (16) 1.12. II 181. II (1) 5^ (2) 20<^ (3) 75j^ (4) ]6f5^ 


II (5) 7i^ (6) 1^ (7) 12i;^ (8) im^ (9) ^^ (10) ^^ 


183 II (11) T^ (12) tAt!^- II 183. II (1) $100; $21 ; $4,375 


II (2) £22 16s. 5.7d. (3) $9.4375 ; $230 (4) £98 15s. ; £200 


II (5) 325 Tons (6) $75.91. [Mls. Ex.] (1)250(2)500 


II (3) $31.50 (4) 16^ (5) 480 (6) 60 (7) 200 (8) Rent, 


II $900; gen. ex., $1800; 60^ of the whole (10) 75j« 


184 II (12) 3500. II 184. || (15) $6000 (16) $9500 (19) 100. 


186 II (2) $71.25 (3) $54,814+ (4) $28.86. 


187 II (5) $3997.188 (6) $909,828 (7) $2130.22 + . 


II [« S.] (3) $92,895+ (4) $1,448+ (5) $3558.305. 


188 II (6) $284,551+ (7) $7 (8) $1035 (9) $6,641+ (10) $6.09 


189 11 (11) $10,808+. 11189.11 (3) $3.20 (4) $14,137 + 


II (5) $0,614+ (6) $3,986+ (7) $0.25 (8) $0.35 (9) $0,375 + 


II (10) $1,707+ (11) $1,662+ (12) $2,598+ (13) $0,065 + 
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I8 » II (14) $0 .1 66 4- (15) i'ZAOS (16) $0.594 + (17) 12.249 + 

1 90 II (18) $Q.8584-(19)$1.30+(20) $0,462+ II 190. || (2) $70.184 

II (3) $189.583+ (4) $528.185+ (5) $365.40+ (6) $136.575 

192 II (7) $0.213 + (9) $48.533 + || 193. || (10) $36.458 + 

193 II (11) $29.224 + (12)$6.921 + (13) $1123.50 (14) $154.958+ 
II (15) $154.20 (16) $8.391 + (l7) $3.75 (18) $0.487 + 
II (19) $1.608 + (20) $1.982 + (21) $0.252 + (22) By days, 
II $10316.666 + ; by mos. &d8. $10311.111 + (23) $376.875 
II (24) $1.023 + (25) $7 (26) $2.416 + (27) $16.666 + 

195 II (1) $83.693 + (2) $6.937 + (3) $10.625 + (4) $24.375 

196 II (5) $1586.041 + || 198. || (2) $216.98 (3) $69.04 + 

198 II (4) $3.08 + [g S.] (2) $49.392 || 198. H (2) £18 15s. 

199 II (3)£101g.4j-^.+ II 199. || (4)£1 2^.7|^.+(5)£613 0^.4|^+ 
II (6) £469 7^. lOjd.-h [ « 8. ] (3) $252.285 + 

200 II (4) $1172.164 + (5) $1652.40 || 200> || (2) $3719.287 + 

201 II (3) $2515.723 + (4) $4166.66 + jj 201. || (2)3yr. 
II 6mo. 6da. (3) 2yr.8iiiQ. (4)16|yrs.; 14fyrs.; 12| yrs 

204 II [g S.] (2) 12^ II 204. || (1) $179.0848 (2) $134.36 + 

205 II (3) $2674.463+ || 205. II (4) $440.44; $1190.44(5) $743.40 

207 II (6) $832,105 + || 207. II (2) $870.065 + (3) $902.753 + 

20 8 II (4) $710.998 + || 212. || (3) $736.086 + (5) $1635.926 + 
212 II (6) $10.512 + (7)' $612.50; $3750 || 215. II (3) $0.109 + 

215 II (4) $2526.95 (G) $11.87; $1503.88 (7) $1251.05 

216 II (8) $410.10 H 217. II (1) $91.268 + (3) $1227.187 + 

217 II (/) $2955.665 f- (5) $12500 (6) $3691.07+ 

218 II (7) $28.359+ (8) $2357.08 (10) $12.50 (11) $25 

219 II (1) 12^^ (2) $1250 (3) $6.90 (4) $200 (6) $11 (7) $5 

2 20 II (9) $3.64 (10) $90; llj^ (11) Neither (12) 12j^ 
II (13) 5^ (14) Lost $100 (15) Neither (16) 22|^ 
II (17) 4i^ (18) 26j^^; A, $523.37; B, $1126.25; 

224 II C, $445.73 ; D, $302.10 || 224. || (2) $176.75 (3) $668.41 + 

225 II (4) $3005.75 (6) $8.10||225. || (1) $91.25 || 226. || (3) $11.93 
228 II (2) $140.48 (3) $381.70 (4) $319.44 || 280. II (2) 7f| mi lls 
230 II nearly; A^s, $14.89 + (3) IH^^ (4) Amt. $7794.87; 
240 II 5 mills + ; $12.30 || 240. || (3) 3 (4) 3 (6) 12 (7) j (8) | 
243 II (9) 24 (10) 12 (11) A || 243. || (1) 6 (2) 6 (3) 14 (4) 9 

II (5) 12i (6) 11.25 (7) 4f (8) 91bs. (9) 8 (10) 84 ; 300 : : 28 : 100 

245 II (11) 9^ II 245. H (1) 337J- miles (2) $110.50 (3) $32 
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II (4) 111^ (5) 400 (6) 56 (7) 11 h. 27 min. 30 sec 

246 II (8) 34ft. Sin. (9) IQ^ds. (11) 5h. 54miii. 56^ec. (12)20ga£ 

II (13) 15 (14) $117 (15) 15 Ads. (16) 225 rods 

II (17) l8t, $240; 2d, $672; 3d, $630 (18) 66| 

249 II (19) One, $24.33^, the other, $12.16f H 249. || (1) 48ds. 
II (2) IH^os. (3) 336bush.(4) 31|^d8 (5) 24oz. (8) 9h. 32min. 

250 II (9) 32^ (10) 135H bush. || 250. |j (12) 281imi. (13) 213f 

251 II (14) 2|ds. II 251. || (3) 6|mos. (4) $375 (5) $2.812 + 
H (6) At 5 min. 27^ sec, past 1 o^clock, p.m. (10) 10 

257 II (11) A; ^{12) $500 11257. II (3) $5312.50 (4) $4962.50 

258 II (3) lOf^^ II 259. || (3) 96 [g SQ (2) Penna. 6% bJUfi ; 

276 11 30-40^8, 4|f|^ II 276. II (2) W^s loss, $10,153.59; 

277 II G%$8,122.87;8^s,$4,061.44||277.|| (3) T^s gain, $1,496.33 
II R^s, $1,330.07; B^s, $831.30. T^s cap., $5,196.33; 
II B,% $4,630.07 ; B% $2,831.30 (4) G. W's net ins., $6,522.98 ; 

278 II H. W^s, $3,313.78; C. S. W^s, $2,209.19 || 278. || (5) T% 
II $66,978.73; B% $40,187.24; K% $34,987.33 

279 II (7) R% $36.11; J% $27.08; W% $18.06 (8) H^s net ins., 
II $14,820.13 ; Fs, $10,374.09 ; W^s, $8,892.08. M., E. & Co^s 
II share, $8998.68; H. & J's, $13733.48; H. D. & Co^s, 
II $23076.52; S. W^s, $29922.43; S. & Co% $15364.89 

288 II (1) E% $5806.81 ; Us, $5453.61 (2) B^s gain, $9380:07'; 
II cap., $16,880.07; S^s gain, $6486.56; cap., $10,986.56 

284 II (3) R, $1441.53; M., $2226.13; L., $1784.99 

285 II (4) Bower^sDr. Bal..$110.33; Murphy^s Or. Bal. $399.57; 
II Wilson's Cr. Bal., $6280.47; Brown^s Cr. Bal. $8027.59; 
II (5) A, $57.93; B, $38.62; C, 43.45 (6) A gained by int., 
II $450 ; B, $405 ; A's whole gain, $1973.75 ; B's, $1928.75 ; 

289 II A's cap., $8973.75; B's, $7928.75 || 289 1 1 (3) $8.50 

299 II (4) $7.91 + II 299. || (2) May 12th. (3) 3 days (4) At 6^, 

300 II Note at 87 days for $1018.57 || 300. || (5) Mar. 17, 1871 

301 II (6) Sept. 16, 1871 (7) Sept. 9, 1871 1| 301. || (8) Mar. 4, 1871 
II [g S.] (2) 120 days, an extension of 30 days (3) Feb. 11 

II (3) Mar. 12, 1871 (4) July 21, 1871 (5) Mar. 16, 1871 
II (6) June 26th (7) Aug. 6th (8) Average date. May 5, 1872 ; 

810 II Cash Bal., at 6^, $2288.98 || 310. || (9) Averages due, 
II Jan. 26, 1871; Cash value, Jan. 1, 1872, interest at 6^, 

825 II $v^851.64 || 324. || (1) $2463 -h (2) $646.40 (3) $1485 
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826 II (4) 1010 [gS] (1) S230.38(2)$1007.55 || 326. II (3) 11359.36 

330 II {2)£Ulls.7d, + 1| 331. || (8)£270 ^s.lOd. -t- (9)£:^61 12g.3^,+ 

II . (11) $5273.10 (12) $1267.72 + (3)£938 3g.5^/. + (4) 81149.96 

835 II (3) $110.77+ II 336.11 (3) $358.12^ || 337. 1 1 (5) $42b.06j: 

I I (7) £48 los. 7q?. + (12) 20997.37 + marks (13) 1164.93 + 

838 II (2) 1945.28 + florins. (3) $437.40 (4) 1873.26 + florins 

II (5)2425.53 + fl.||343||(l)64(2)125; 625(3)9; 216; 1024;^;!^ 

843 II (4) 24* (5) 49^ (6) 104.8576 (7) 3« = 729 (8) 150^^ 

848 II (3) 183 (4) .14 (5) 4.72 (6) 2588.227+ (7) 167.358 + 
II (8) 2222 (9) 1.4142+(10) 12.222+(11) (i)2.7; (8) 9; o) 8^« 
II (ft) 680; (g) .125(7) 75(8) 45 (9) 6 (12) 6700 (13) 8164 
II (14) 2.8284+ (15) 361 (16) 908 (17) 605; 2222 

849 II (2) 42 (3) 363 (4) 98 [g S.] (1) 6 (2) 49 (3) 2125 
851 II (3) ^ [a S.] (2) ^ (3) .9 (4) jj (5) .7453 || 858. || (1) 364 

II (2) 319 (3) 2.35 (4) 3.358+ (5) 1.2599+ (6) 3.01 

II (7) 145 (8) 81 ; 88 (9) 77 ; 51 (10) 597 ; 71 (11) 60.389 + 

II (12) 191 (13) 560 (14) 8 (15) 1001 (17) 156 ft. 

360 II (2) ^ (3) 1.012+ II 361. |i (2) jf (3) H [« »»] (3) .8 

865 II (2) l^in. from one end (3) 416f]bs. || 366. || (2) 20ft. lOin . 

II (3) 56 inches from the fulcrum (4) One, 72108., the 

868 II other, 481b8. 11.368. || (2) 7201bs. (3) j ton (5) 2iin. 

870 II (3) 7001bs. || 371. II (2) 4201bs. (3) 266|lbs. (4) 155|lbs. 

878 II (3) 1400lbs.(4) 3501bs. || 374. |i (3) 45239.04(4) 13.262 +lbs. 

876 II (1) lOj (2) $5 (3) 2 i| 377. || (1) j (2) 10 miles 

II (3) 9, 111, 14i, 17, 19§, 22i, 25, 27^ 30^, 33 

878 II (1) 840 (2) 72 (3) 2550 yds. || 379. || (2) 6 

380 II (3) 9841^ (4) $179.0848+ [g S.] (2) 7, 14, 28, 56 (3) j 

881 II (1) 1550 (3) 63mn W ^HiH II 88^> II (^) '^^124 

386 II [g S.] (2) Ij (3) .25 || 386. || $6776 (2) $4050 (3) $12705 

387 II (1) $4146.401+ (2) $34913.95 (3) $4099.549 + 
390 II (1) $15104.9948 (2) $1589.099550 || 398. || (2) 65 sq. in . 

II (3) 588 sq.rd. (4) 50 A. 1.875 sq. ch. [g S.] (2) 39.98 + sq.ft. 

400 II (3)15 A. 35.698125 sq. rd. || 400. || (4) 488.872+ ft . 
II (5) 64.222+ ft. [g S/] (2) 14 A. 10 sq.rd. (3) 18 sq.ft. 

401 II (2) 38 A. 1.625 sq. ch. || 402. || (2)' 47.124 ft. 
il (3) 17 rd. 10.108 ft. [g S.] (2) 9 in. (3) 3 ft. 

403 II (1) 19.635 sq.ft.(2) 4.90875 sq.ft. (3) 50 A. 3 R. 28.992 8q.rd. 

It (4) 98.175 sq. ft. (5) 6 ft. 6f^ in. [g S,] 203.717 + rods. 
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408 II (3) 72 ft. (4) d. 25 in.; c. 78.54 in. (5) 17.32+iD. 

404 II (1) 79.758 ft. (2) 42.315 rd. (3) B^s contains 4.37248 

405 II sq. rds. most. || 405. || (1) 37.6992 sq. ft. (2) 150.7968 sq.ft. 
II [g S.] (1) 89.5356 sq. in. (2) 69.1152 'sq. ft 

406 II (1) 48 cu. ft. (2) 3 cd., 3 cd. ft. [8 S.] (2) 37^ sq. ft. 

407 II (3) 162 sq. ft. || 407. II (1) 129.9039 sq.ft. (2) 254^,^ c^-^t. 
II (3) Ij eg. ft. [8 S.] (1) convex, 14.1372 sq. ft. ; entire, 
II 17.6715 sq. ft. (2) 188.496 cu. ft. (3) 14.1372 en. ft. 

408 II (4) 2150.4252 || 408. || (1) 5250 sq. ft. (2) 797.488 cu. ft. 
II (3) 133.31395 + cu.ft.[gS.](l) 640 sq.ft.(2) 407.67008 8q.ft . 

409 li (1) 746| cu.fb. (8) 8.248+ cu. ft. [g S.] (1) 7 sq. ft. 

410 II 9.8784 sq. in. || 410. || (1) 1 cu. ft. 1325.6352 cu. in. 
II (2) 4.0906f|- cu. ft. (3) 259333411782.8608 (4) 10.902 + in . 
II [g S.] (1) 3.417+ ft. (2) 62.832 sq. in. (3) 192 sq. ft. 

412 II (4) 114 sq. ft.; 57 sq. ft. (5) 1152 cu.in. || 412. || (2) 10ft . 
II (3) Hj ft. (4) (1) 144 ft. (2) 116-1 ft. (3) 270 ft. (4) 33| ft. 
II (6) 40 ft. (g) 35 ft. (7) 70 ft. (8) 89|- ft. (9) 160ft. do) 169 ft . 

413 II (7) 80 ft. (8) 333^ ft. (9) 213^ ft||414.|| (10) 189 ft. (11) 42 ft . 

414 II (12) 210 ft. (13) 196| ft. [g S.] (2)46 j:^ cu.ft. (3)27f cu.ft. 

415 II (4) 56 cu. ft. II 415. II (2) 20|- cu. ft. (3) 444^f cu. ft . 

416 II (4) 117| cu. ft. II 416. || (2) 35.42+ cu. ft. (3) 38t^cu. ft- 

417 II (4) 39.25+ cu.ft. || 417. || (2)362+ ft. (3) 486ft. 

418 II (4) 788^V 11419. II (5) V, 128f ; D, in 3 sec, 144| ft. 
II [g S.] (2) 257-^ ft. II 420. II (3) 19.26 (4) 22 

421 II [Mis. Ex.] (1) -f (2) 8 ft. (3) II ; 5 cts. (4) Smith, 124000 ; 

422 II Jones, $18000 || 422. || (5) 20^ (7) 8 (8) | (9) $8.83| 
II (10) 3\i ds. (11) 1960^ and 1586^ (12) 65 and 75 
II (13) 11-^ ds. (14) First lot, 5^ ; Second lot, 10^ ; whole 

423 II net gain, $58.75 || 423. || (15) 18.326 in. (16) 98 
II (17) $610351.56 (18) 36 ft. long, 18 ft. wide, 18 ft. high 
II (19) 320 sq. ft. (20) 83.263 + ft. (21) 33^- (22) $825 ; $1375 
II (23) 7 o^clock, 50min. (24) llyrs.325+ds. (25) $132.56 + 

424 II (26) 16| yrs. (27) $5734.7105 (29 Less, 42|- grains (30) 5 , 

425 II (31) 5^ds. II 425. || (33) A, $10; B, $30; C, $40; ' 
II (34) 805.686+ sq. ft. (35) 14.536+in. (36) 42 A. 2 sq.cli. 
II (37) 5.528+ ft. (38) At 16 min. 21yV sec, past 3 o^clock 
H (39) 10.6029 + sq. ft. (40) 2 mi. 310 rd. 11^ ft. (41) Half- 
II past 4 o'clock p.m. (42) 1st horse, $125 ; 2d horse, $250; 
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426 II Carriage, t625 || 4»6. || (43) 110 ft, (44) 201^ (^5) A 
II (46) 24 days (47) 9 (48) >495; t360 ; »385 (50) 3 min. 
[| lOJi sec; 932tyd8. (51) 9.091j^+ (52) 80 min, 

iil II (54) 30 -feet (55) 8 feet (56) llj^ (57) »204.36-f 

428 II (58) 6f^ (59) »1015.74 (60) $94.41 || 428. || (63) 15Q 

4 29 II (65) 36 ft 5U^^ (67) 2 mi. 340 ft II 429. || (70) 60 feet 
II from the top (73) »2237.06+. 
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